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PREFACE. 


T.IE  materials  which  form   the  nucleus   of  the  present 
volume  were  originally  collected  as  part  of  the  ■  asis  for  a 
chapter  on  "the  Genesis  of  iKsthetics  "  in  my  little  work- 
on  -rhysiological  Esthetics,"  published  some  two  years 
smce.     I  found,  however,  wlien  I  came  to  arrange  tlieni 
that  the  subject  had  grown  under  my  hands,  and  that  it 
would  be  impossible  fully  to  develop  my  ideas  except  in 
the  form  of  a  separate  treatise.     TJie  omission  seemed  all 
the  more  desirable,  because  my  former  work  dealt  only 
witli  ^Esthetics  as   an  element  of  luiman  psychology  • 
while   the   materials  here  collected  refer  rather  to  the 
wider   science   which   studies   the   phenomena   of  mind 
throughout  the  whole  animal  world.     Accordin^rly  I  de 
ferred  their  publication  for  the  time,  only  mentroningmy 
ongmal  intention   in    a  footnote  on  p.  156  of  "Physio 
logical  Esthetics."    But  most  of  the  critics  who  kindly 
noticed  tliat  little  work  were  so  unanimous  in  calling  at- 
tention  to  the  hints  which  I  iiad  thrown  out  with  reference 
to  the  Colour-Sense,  and  the  love  for  colour  which  forms 
such  a  striking  characteristic  of  mankind,  that  I  determined 
on  following  up  the  subject  on  a  wider  basis,  and  eluci- 
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(luting  my  view  by   full  inductive  generalisations.     The 
present  volume  i.s  the  result. 

Meanwliilt!  two  works  appeared,  in  Germany  and  in 
England,  which  necessitated  considi'iahle  divergences 
from  my  ori-inal  phm.  The  first  was  Dr.  Hugo  Magnus's 
"  Geschichtliche  Kntwickelung  des  Farbensinnes; "  the 
second  Mr.  A.  li.  Wallace's  "Tropical  Nature."  Tut  shortly, 
the  gist  of  my  theory  was  this:  that  the  taste  for  bright 
colours  has  been  derived  by  man  fnjm  his  frugivorous 
ancestors,  who  acquired  it  by  exercise  of  their  sense  of 
vision  upon  bright-coloured  food-stulls ;  that  the  same 
taste  was  shared  by  all  llower-feeding  or  fruit-eating 
animals ;  and  that  it  was  manifested  in  the  sexual  selection 
of  brilliant  mates,  as  well  as  in  other  secondary  modes, 
such  as  the  various  human  arts.  The  two  volumes  men- 
tioned above  came  like  utterly  destructive  criticisms  of 
any  such  belief.  Dr.  Magnus  endeavoured  to  prove  that 
the  Colour-Sense  of  mankind  was  a  late  historical  acqui- 
sition of  the  race,  whose  beginnings  hardly  dated  back  as 
far  as  the  Homeric  and  Vaidik  periods.  Mr.  Wallace  con- 
troverted, with  all  his  well-known  vigour  and  ingenuity, 
the  theory  of  sexual  selection,  first  announced  by  Mr. 
Darwin,  upon  which  rested  almost  the  whole  argument 
for  a  love  of  pure  colour  among  the  lower  animals.  Thus 
these  two  books  between  them  cut  away  the  whole  ground 
from  under  my  feet.  It  became  necessary  to  go  back  over 
my  materials  afresh,  and  to  seek  for  evidence  against  both 
anticipatory  assailants.  T  have  tried,  therefore,  to  show, 
in  opposition  to  Dr.  Magnus,  that  the  Colour-Sense  of 
mankind  dates  back  to  the  earliest  appearance  of  our  race 
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u[)()n  o.'ulh  ;  and,  in  opposition  to  Mr.  Walliicc,  that  a 
modified  form  of  tlic  sexual  selection  tlieory  may  still 
survive  his  powerful  attack.  I  am  aware  how  ill  prepared 
1  am  to  encounter  so  thorough  a  biologist  as  tlu;  joint  dis- 
coverer of  Natural  Selection  on  his  own  ground ;  but  1 
have  huuibly  oflered  such  arguments  as  lay  in  my  power, 
trusting  to  the  generosity  of  my  opponent  to  forgive  any 
technical  errors  which  may  easily  creep  into  a  discussion 
of  the  sort. 

I  should  like  to  add  that  I  enter  the  lists  as  a  compara- 
tive psychologist,  not  as  a  biological  student.  I  do  not 
pretend  to  discover  fiiets  of  botany  or  zoology  at  fi..it 
hand :  I  accept  tluim  as  data  from  the  lips  of  competent 
specialists.  Yet  I  hope  my  work  may  prove  valuable  in 
its  own  peculiar  si»liere,  which  ought  to  be  kept  distinct 
from  the  objective  Inological  sciences  whose  conclusions 
foiin  its  basis.  Our  great  naturalists  supply  us  with  the 
facts  upon  which  to  build  our  comparative  psychology : 
and  I  hope  there  is  no  presumption  in  employing  thcTn 
sometimes  to  test  the  logical  correctness  of  a  few  among 
the  naturalists'  own  conclusions. 

One  of  the  mahi  necessities  of  science  at  the  present 
day  is  the  existence  of  tliat  organising  class  whose  want 
was  pointed  out  by  Comte,  and  has  been  further  noted  by 
Mr.  Herbert  Spencer.  To  this  class  I  would  aspire,  in  a 
humble  capacity,  to  belong.  But  the  organising  student 
cannot  also  himself  be  a  specialist  in  all  the  sciences 
whose  results  he  endeavours  to  co-ordinate :  and  he  must, 
therefore,  depend  for  his  data  upon  the  mginal  work  of 
others.     If   specialists   find  technical  errors  in  such  co- 
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ordiiuitud  results,  they  sliouM  point  tliem  out  frankly  for 
correction  unci  improvement,  Lut  they  shouM  not  reganl 
them  us  lit  .sulijects  for  curping  criticism.  I  shall  feel 
^'ruleful  to  uny  biologists  who  can  suggest  alterations  or 
modificutions  in  any  part  of  what  I  cannot  but  feel  a  very 
tentative  and  rudimentary  work.  But  unless  we  midce  a 
i)eginiiing  in  psychology  we  shall  never  reach  the  eiid : 
and  1  send  forth  my  speculations  rather  in  the  hope  that 
they  may  arouse  comment  and  lead  to  furtiier  researches, 
tiian  because  I  consider  them  in  any  way  final  or  com- 
plete. 

With  regard  to  the  authorities  used  or  quoted,  I  have 
foilov.ctl  the  plan  of  making  no  references  to  original 
works  when  dealing  with  the  accepted  common-places  of 
science ;  but  wherever  I  have  occasion  to  note  a  particular 
fact,  of  comparatively  modern  ascertainment  or  specialist 
knowledge,  I  give  the  authority  in  a  footnote.  For  the 
general  groundwork  of  my  theory,  my  acknowledgments 
are  mainly  due  to  the  works  of  Mr.  Darwin  and  Mr. 
Herbert  Spencer,  which  I  seldom  quote  by  name,  because 
they  now  form  part  of  the  established  body  of  scientific 
doctrine.  After  these,  I  owe  most  to  Mr.  A.  R  Wallace, 
Mr.  Bates,  and  Mr.  Belt.  For  personal  assistance,  by  letter 
or  otherwise,  I  must  thank  IMr.  Darwin,  who  supplied  me 
with  corrections  on  the  colours  of  flowers ;  Mr.  Wallace, 
who  kindly  wrote  to  me  with  regard  to  the  colours  of 
fruits;  Mr.  Galton,  F.E.S.,  for  an  introduction  to  the 
library  of  the  lioyal  Society ;  Mr.  Gladstone,  who  called 
my  attention  to  notes  in  German  periodicals ;  the  Rev.  A. 
H.  Sayce,  for  reference  to  Af^syrian  and  Babylonian  works 
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(if  ml;  tlio  Jfev.  T.  K.  (lu'Viic,  t'ur  aid  oti  tho  (luestiuu  (jI' 
llchrcVr'  colour-terms;  j\Ir.  II.  X.  Alo.suley,  naturulisl  lo 
lliu  (:/i(illi:n;/cr  expedition,  for  references  to  papers  on  the 
cohjiiralion  of  deep-sea  organi.snis ;  Sir  John  Lubbock  and 
Mr.  15.  T.  Lowne,  for  copies  of  their  original  researches  on 
the  eyes  and  optical  perceptions  of  insects;  and  the  IJcjv. 
S.  J.  Whitniee  of  Samoa,  with  a  largo  number  of  otlier 
missionaries  or  civil  servants,  for  infor'nation  with  regard 
to  the  Colour-Sense  of  savages. 

In  a  more  strictly  personal  sense,  I  owe  my  ackiujw- 
leilgments  to  my  friends,  Mr.  F.  T.  llichards  of  Trinity 
(JoUege,  O.xford,  iMr.  G.  J.  Romanes,  F.L.S.,  and  Trofe-ssor 
G.  Croom  llobertson,  for  constant  assistance  in  calling  my 
attention  to  passages  in  books  or  periodicals  which  bore 
on  the  subject  under  iuvestigiitic  a. 

Finally,  I  should  mention  that,  although  most  of  ilic 
matter  contained  in  the  present  volume  is  entirely  new,  1 
have  incorporated  into  Chapters  IV.  and  VI.  the  substance 
of  two  papers  on  "  The  Origin  of  Flowers  "  and  "  The  Origin 
of  Fruits,"  which  appeared  in  the  "  Cornhill  Magazine  " 
for  May  and  August  1878.  Part  of  the  materials  for 
Chapter  X.  wore  also  included  in  a  note  which  I  con- 
tributed to  "  ^lind  "  for  January  of  the  same  year. 

G.  A. 
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I  N  T  R  O  D  U  C  T  O  R  Y. 

TiiEiJE  is  no  element  of  our  sensuous  nature  which  yiekls 
lis  greater  or  more  varied  pleasure  than  the  perception 
of  colour.  Whether  we  look  at  the  larger  physical  wholes, 
tlie  azure  heaven  above  us,  the  purple  sea  beneath  us, 
and  the  green  meadows  by  our  side ; — or  at  the  smaller 
organic  bodies,  the  brilliant  flowers,  the  crimson  foliage  of 
autumn,  the  gaudily  painted  butterflies,  the  beetles  clad 
in  burnished  gold,  the  peacock  adorned  with  all  the  hues 
of  the  rainbow,  and  the  humming-birds  decked  out  in 
ruby,  sapphire,  and  amethyst ; — or  again  at  the  trtinsient 
eflects  of  light  in  the  spectrum,  the  soap-bubble,  the 
iridescent  surface  of  the  opal,  the  tints  of  eventide  mir- 
rored in  the  glassy  lake ; — in  each  and  every  case  we  feel 
a  tlirill  of  pure  and  unselfish  enjoyment,  which  no  other 
mere  sensuous  stimulation  is  capable  of  arousing  in  our 
breasts.  The  pleasure  of  colour  is  one  which  raises  itself 
above  the  common  level  of  monopolist  gratification,  and 
attains  to  the  higher  plane  of  {esthetic  delight. 

Xor  is  man  the  only  creature  who  can  appreciate  and 
enjoy  the  lavish  store  of  beauty  wliich  nature  pours  forth 
for  liis  pleasure  in  the  fields  and  the  forest.  We  shall  see 
reason  to  conclude,  from  the  facts  collected  in  this  volume, 
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that  iiiiuiy  of  our  duiiil)  relations  can  fully  enter  into  the 
love  for  exquisite  colour,  at  least  in  its  simplest  and 
earliest  forms.  We  shall  find  good  ground  for  believing 
that  the  bird  of  paradise  does  not  display  its  gorgeous 
])lumage  to  tlie  careless  eyes  of  an  unobservant  mate; 
that  the  gaily  painted  butterfly  is  not  insensible  to  the 
lovely  tracery  upon  the  wings  of  its  fellow;  and  even  that 
the  tropical  lizards  or  batrachians  can  duly  admire  the 
glistening  coats,  crimson  crests,  or  golden  pouches  of  their 
lissome  helpmates.  We  shall  further  note  certain  habits 
which  may  lead  us  to  suspect  that  birds  and  insects  are 
pleasurably  affectful,  not  oidy  by  the  colour  of  their  own 
kind,  but  also  by  the  delicate  or  brilliant  tints  of  the 
fruits  and  iiowers  upon  which  they  feed.  In  short,  our 
object  must  be  to  trace  back  the  pleasure  which  man 
experiences  from  the  deft  combination  of  red  and  green 
and  violet,  in  painting  or  in  decorative  art,  to  a  long 
line  of  ante-human  ancestry,  stretching  back  indefinitely 
through  geological  ages  to  the  first  progenitors  of  verte- 
l)rate  life. 

^lore  than  this  we  must  attempt  to  show.  If  we  would 
learn  fully  the  whole  history  of  the  colour-sense,  we 
must  track  it  backward  tiirough  the  generations  of  the 
earlier  earth,  till  M'e  discover  what  were  the  circumstances 
by  which  it  was  first  produced.  We  must  find  out  how 
the  various  modes  of  aither-waves,  which  we  now  know 
as  colours,  came  originally  to  be  distinguished  from  one 
another  by  the  nascent  eyes  of  half-developed  reptiles 
and  insects.  We  must  see  by  what  steps  the  hues  of 
llowers,  and  seeds,  and  fruits,  and  small  animal  prey 
caused  the  growth  of  a  distinctive  colour-perception  in 
the  creatures  whicli  fed  upon  them.  And  we  shall  pro- 
bably conclude  at  the  siinu;  time  that  the  sense  thus 
developed  became  in  turn  a  source  of  new  pleasure  to 
its  possessors,  and  a  groundwork  for  more  marvellous 
developments  in  future.  Tiie  taste  which  was  formed  by 
the  lilies  and  roses,  the  golden  oranges  and  purple  grapes. 


into  tli6 
lest   and 
beliovin;; 
sorgeons 
ut  mate ; 
le  to  tlic 
3ven  tliat 
Imire  the 
is  of  their 
\in  habits 
[1  sects  are 
their  own 
ts  of  the 
short,  our 
liich  man 
md  green 
;o   a   long 
idefinitely 

of  verte- 

we  would 

ense,   we 

)n3  of  the 

Limstances 

out  how 
low  know 
from  one 
d  reptiles 
hues  of 
inial  prey 

option  in 
shall  pro- 

nse   thus 

easure  to 
narvellous 
formed  by 
)le  grapes. 


:if 


INTRODUCTORY.  3 

ended  by  producing  tlie  metallic  lustre  of  the  sunbirds  and 
tlie  daintily  shaded  ornamentation  of  the  argus-pheasanl. 
We  may  hope  to  show,  furthermore,  that  the  existence 
of  bright  colouring  in  the  world  at  large  is  almost  entirely 
due  to  the  inlluence  of  the   colour-sense  in  the  animal 
kingdom.     I  do  not  mean,  of  course,  that  animals  have 
anything  to  do  with  the  objective  existence  of  those  dif- 
ferent jether-waves  in  the   pencil   of  light   which,  when 
decomposed  or  separated,  we  perceive  as  colours  ;  nor  do 
I  mean  to  include  in  this  category  the  shades  of  earthy 
sea,  sky,  and  other  great  inorganic  masses.     Obviously 
the  human  or  animal  eye  could  have  no  influence  upon 
their  origin  or  colouring.     Even  uhe  green  leaves  of  the 
trees  .and  grasses  seem  quite  independent  of  man  or  beast. 
But  I  still  think  that  a  vast  mass  of  the  coloured  objects 
with  which  we  are  most  familiar  owe  their  hues  to  the 
perceptions  of  some  insect,  bird,  or  animal.     If  we  look 
briefly  at  a  few  of  the  best-known  cases,  the  reader  will 
more  clearly  comprehend  the  line  of  argument  which  this 
book  proposes  to  itsolf. 

In  the  drawing-room  where  we  sit,  every  object  has 
obtained  its  colour  entirely  with  reference  to  the  likes 
and  fancies  of  humanity.  Not  only  have  the  pictures 
and  ornaments  been  painted  so  as  to  please  our  eyes,  but 
the  carpets,  the  wall-paper,  the  curtains,  the  table-covers, 
the  embroidery,  the  damask  on  the  chairs  and  sofas,  the 
clothing  of  the  women  and  children,  have  all  been  dyed 
on  purpose  to  stimulate  and  gratify  the  sense  of  sight. 
Indeed,  there  is  scarcely  an  article  of  human  use  and 
manufacture,  from  the  vermilion-stained  earthenware  of 
the  prehistoric  savage  and  the  woad  adornment  of  t^Mi 
Cymric  warrior,  to  the  Lambeth  and  Vallauris  pottery,  oi- 
the  cretonnes  and  crewel-work  of  modern  jcsthetic  de- 
signers, which  has  not  received  some  special  manipulation 
to  add  pleasing  colour  by  means  of  dyes  or  pigments. 
The  universal  ed'ect  of  the  colour-sense  on  human  pro- 
ducts is  too  obvious  to  need  further  illustration. 
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A  step  lower  down,  we  reach  the  actual  bodies  of  men 
and  animals  tliemselves.  It  would  seem  at  first  sight  as 
though  the  colour-sense  could  liave  nothing  to  do  with 
the  production  of  these.  Yet  the  theory  of  sexual  selec- 
tion, into  which  we  shall  enter  more  fully  hereafter,  sliows 
us  how  the  long-continued  choice  of  beautiful  mates  may 
have  had  tlie  effect  of  encouraging  the  growth  of  bright- 
hued  individuals,  and  tlie  obsolescence  of  their  less 
favoured  fellows.  I  shall  try  to  point  out,  also,  an  adjunct 
to  this  theory,  which  seems  to  liave  escaped  even  the  keen 
eyes  of  Mr.  Darwin,  Mr.  Wallace,  and  their  German 
allies.  I  shall  endeavour  to  prove  tliat  only  those  animals 
ilisplay  beautiful  colours,  due  to  sexual  selection,  in  whom 
a  taste  for  colour  has  already  been  aroused  by  the  inlhi- 
ence  of  flowers,  fruits,  or  brilliant  insects,  their  habitual 
food.  As  the  liking  cannot  have  grown  up  without  some 
groundwork  of  advantage  to  bo  gained  by  it,  we  might 
gather,  even  a  priori^  that  such  would  be  the  case ;  and  I 
liope,  in  the  seipiel,  to  adduce  a  sufUciently  large  array 
of  positive  instances  to  justify  an  inductive  conclusion 
to  the  same  ellect. 

Taking  still  another  step  backward,  we  arrive  at  the 
brilliantly  coloured  fruits  and  flowers,  upon  which  these 
tastes  were  formed.  And  here  we  shall  have  reason  to 
believe  that  the  agency  of  insects  has  been  most  powerful 
in  developing  the  hues  of  blossoms  ;  while  the  fruits,  as 
we  shall  see,  are  rather  due  to  the  selective  action  of  birds 
and  mammals,  lletween  tliem  almost  all  the  colours  of 
vegetal  life,  except  the  uniform  green  of  the  foliage,  are 
probably  produced,  being  due  to  tlie  colour-sense  of  one 
or  other  of  the  great  seeing  classes,  the  vertebrate  and  the 
articulate. 

]\rany  lesser  cases  may  be  alleged,  where  colours  have 
been  acquired  for  purposes  of  protection  or  deception,  and 
of  such  an  {abundance  will  be  forthcoming  in  their  proper 
ydace.  ]>ut  enough  has  doubtless  been  said  to  show  tiu^ 
immense  importance  of  the  colour-sense  in  man  or  animals, 
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and  the  conspicuous  part  which  (as  I  believe)  it  has  played 
in  the  moulding  of  organic  forms.  If  I  i)ut  in  two  anti- 
thetical paragraphs  the  various  great  classes  of  coloured 
objects  wdiicli  we  do  or  do  not  owe  to  its  operation,  the 
reader  will  be  able  to  see  at  a  glance  just  how  much  influ- 
ence I  claim  for  it. 

We  do  not  owe  to  the  colour-sense  the  existence  in 
nature  of  tlie  rainbow,  the  sunset,  or  the  other  effects  of 
iridescent  light ;  the  blue  sky,  the  green  or  purple  sea,  the 
red  rocks,  or  the  other  great  inanimate  masses ;  tlie  foliage 
(if  trees  and  shrubs,  the  hues  of  autumn,  and  the  tints  of 
precious  stones  or  minerals  generally. 

But  we  do  owe  to  the  colour -sense  the  beautiful  flowers 
of  the  meadow  and  the  garden, — roses,  lilies,  cnrnations, 
lilacs,  laburnums,  violets,  primroses,  cowslips,  and  daisies  ; 
the  exquisite  pink  of  the  apple,  the  peach,  the  mango,  and 
the  cherry,  with  all  the  diverse  artistic  wealth  of  oranges, 
strawberries,  plums,  melons,  brambleberries,  and  pome- 
granates ;  the  yellow,  blue,  and  melting  green  of  tropical 
butterflies;  the  magnificent  plumage  of  the  toucan,  the 
macaw,  the  cardinal-bird,  the  lory,  and  the  honeysucker ; 
the  red  breast  of  our  homely  robin ;  the  silver  or  ruddy  fur 
of  the  ermine,  the  wolverine,  the  fox,  the  squirrel,  and 
the  chinchilla ;  the  rosy  cheeks  and  pink  lips  of  English 
maidens ;  the  whole  catalogue  of  dyes,  paints,  and  pig- 
ments ;  and,  last  of  all,  the  colours  of  art  in  every  age  and 
nation,  from  the  red  cloth  of  the  Sontli  Seas,  the  lively 
frescoes  of  the  Egyptian,  and  the  subdued  tones  of  Hel- 
lenic painters,  to  the  stained  windows  of  Poitiers  and  the 
]\radonna  of  the  Sistine  Chapel. 

The  origin  and  rise  of  this  pow^erful  sense,  and  the  means 
by  which  it  has  efTected  all  these  marvellous  reactions  on 
the  external  world,  form  the  text  npon  which  we  must 
string  our  discourse  in  the  present  volume.  "We  sliall 
begin  with  the  nature  of  colour,  viewed  as  an  external  and 
objective  fact ;  we  shall  next  look  at  the  steps  by  which 
the  various  eyes  of  insects  and  animals  became  sensible  to 


!^ 


THE  COLOUR-SENSE. 


V^ 


its  diverse  stimulations ;  ve  shall  then  proceed  to  ask 
what  secondary  effects  the  newly  acquired  sense  produced 
upon  the  surrounding  existences ;  and  ve  shall  finally 
examine  its  remote  ticstlietic  results  in  the  sphere  of  liuman 
activity.  We  shall  tlius  have  traced  the  perception  of 
colour  from  its  first  faint  beginnings  in  paleozoic  seas  or 
carboniferous  forests  down  to  its  latest  dcveloximents  in 
the  palaces  or  galleries  of  civilised  man. 
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CHAPTER    II. 

^TIIER-WAVES   AND   TIIKIR   VAPIETIllS.l 

J'KFORE  wc  can  invefeti^ate  any  sensation  in  men  or 
animals,  we  must  Unci  out  what  is  the  external  agency 
to  which  it  corresponds.  Every  feeling  answers  to  some 
outer  fact,  and  in  the  development  of  life  the  fact  must 
necessarily  have  preceded  the  feeling.  Unless  there  had 
been  matter  there  could  never  have  been  mind.  Without 
resistance  Ave  could  not  experience  touch ;  without  air 
we  could  not  possess  hearing ;  without  aether  we  could 
not  have  developed  the  wonderful  faculty  of  sight. 
Organic  substances,  acted  upon  by  peculiar  agencies  in 
the  inorganic  world,  give  rise  to  the  phenomena  of 
sensation ;  but  we  cannot  understand  the  existence  of 
sensation  unless  we  i)reviously  grant  the  existence  of 
an  influence  capable  of  developing  it.  Idealism,  which 
looks  fallaciously  plausible  when  applied  to  the  fully 
evolved  intelligence,  becomes  meaningless  and  self-con- 
tradictory  when  applied  to  the  problem  of  its  evolution. 


'  In  the  short  sketch  of  Pliysical 
Optics  which  follows,  I  have  en- 
deavoured, not  to  give  a  rcsumd  of 
all  that  is  known  upon  so  wide  a 
subject,  but  merely  to  say  .".s  much 
as  was  absolutely  necessary  for  the 
j)ropcr  coiuprehension  of  the  sequel. 
Hence  I  have  intentionally  omitted 
whatever  might  prove  a  stumbling- 
block  to  the  general  reader,  such 
as  the  difference  between  absori)tion 
colours  and  interference  colours,  or 
that  between  mixture  of  lights  and 


mixture  of  pigments.  Such  questions 
are  wholly  foreign  to  our  present 
subject,  and  I  merely  note  the  omis- 
sion to  guard  against  possible  criti- 
cism. Tlie  i.ader  who  would  go 
further  into  this  department  of  the 
subject  V  ill  find  full  details  in 
Helmholtz's  "  Handbueh  der  Phy- 
siologischen  Optik,"  and  a  very  read- 
able abstract  in  Von  IJezold's  "Theory 
of  Colour,"  translated  by  S.  It.  Koeh- 
ler  (Boston,  U.S.A.,  L.  Prang  &  Co., 
1876). 
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Wo  must  l)n;^Mn,  tlion,  Ly  allowiiii;  tliat,  provious  to  all 
jKirception  of  colour  by  men  or  animals,  (M»lour  it.solf 
(ixistc'd  as  an  a'funcv  in  tlio  v\Kt('rnal  uni verso.  TIk; 
(lovelopment  of  tho  colour-si^'.ho  is  equivalent  to  tlio 
j^rowtli  of  a  mociianism  by  wliicli  this  se^oney  Ixjcamc; 
capable  of  aflbctinj^'  organic  matt(!r.  In  llio  i)rosont 
cbaptor  wo  will  consider  the  nature  (f  tlu;  objective 
agency,  while  in  the  next  we  shall  have  to  look  at  the 
lirst  and  rudest  form  of  the  percipient  mechanism. 

Througliout  the  whole  vast  ocean  of  sj.ace  in  which 
suns,  stars,  and  planets  lloat  like  iiic()nsi)icuous  islets  (tf 
light,  modern  science  has  taught  us  that  an  all-pervading 
(dement,  known  as  lether,  fills  every  available  intirstice. 
From  constellation  to  constellation  of  sidereal  bodies  the 
aither  spreads  in  wide  expanses,  which  stretch  uninter- 
rupted over  countless  millions  of  miles,  r.etween  atom 
and  atom  of  terrestrial  substances  the  uitluu*  penetrates 
into  tiny  intervals  whose  minuteness  the  boldest  mathe- 
maticians have  only  lately  ventured  to  measure.  When;- 
ever  matter  is  not,  icther  is.  Every  sun  and  (ivery  moleciile 
floats  in  a  circumambient  matrix  of  this  unknown  a'^ent. 
If  wo  could  view  the  most  s(did  body  with  a  microscopic 
eye,  magnifying  some  thousands  of  millions  of  diameters, 
we  should  see  that  it  was  composed  of  innumerabh;  little 
masses,  none  of  them  in  actual  contact  with  its  neighbours, 
but  all  bound  to  one  another,  as  the  earth  is  to  tho  sun, 
by  their  mutual  attractions  extending  over  an  intervenin<' 
space.  This  space  would  be  lilhul,  in  tho  one  case  as  in 
the  other,  by  the  ubi([uitous  jcther.  And  though  we  can 
never  succeed  in  knowing  its  existence  directlv,  vet  we 
are  (ivery  moment  experientdng  its  elTects  in  the  most 
obvious  and  unmistai>--able  manner,  -lust  as  W(!  l)elieve 
in  air,  which  wo  never  see,  because  we  can  feel  it,  so  wo 
believe  in  a'ther,  M'hich  we  can  never  handle,  bocause  W(i 
perpetually  see  by  it  and  through  it. 

yEther,  though  infinitely  light  and  elastic,  is  natur;dly 
a  solid,  or  something  very  like  one.     lUit  it  shares  tho 
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common  proixTty  of  other  solids  in  its  ahility  to  transmit, 
undulations  jrom  a  centre  of  disturhance.  AVe  all  know 
(hat  if  we  set  any  hody  in  motion,  it  imparts  a  portion  of 
its  motion  to  all  other  bodies  with  which  it  comes  in  con- 
tact. So,  too,  if  we  set  up  vibratory  movements  in  a  bell, 
we  know  that  its  particles  knock  up  a;,'ainst  the  air- 
particles  in  their  neighbourhood,  and  therel)y  send  off  into 
surrounding  space  a  series  of  concentric  air-waves,  which, 
when  they  strike  the  appropriate  human  organ,  are  kiunvn 
to  us  in  consciousness  as  sounds  or  tones.  And  inexactly 
the  same  way,  when  disturb 'ance.<*  of  a  peculiar  kind  affect 
nuiterial  particles  of  any  sort,  they  set  up  a  like  series  of 
concentric  waves  in  the  circumambient  aether,  which, 
falling  in  turn  on  their  appropriate  organs,  are  recognised 
in  consciousness  as  lieat,  light,  or  colour.  What  is  the 
exact  nature  of  these  waves  and  their  diirevences  we  have 
next  to  inquire. 

Apparently  every  movement  of  a  material  body  or 
]iarticle  sets  up  more  or  less  motion  in  the  surrounding 
aither.  We  know  now  that  every  sound,  every  moving 
energy,  every  activity  of  any  sort,  as  it  dies  away,  is 
transferred  by  minute  friction  to  the  a3therial  medium 
whicli  l)athes  us  on  every  side.  Ikit  the  stronger  class  of 
icther-waves,  witli  which  we  have  now  to  deal,  is  origin- 
ated only  in  a  single  way.  They  all  arise  from  the  vibra- 
tions of  a  material  body  in  that  state  of  rapid  molecular  <jr 
atomic  motion  which  m'g  commonly  know  as  red  or  white 
heat.  The  waves  thus  set  up  may  be  reflected,  refracted, 
twisted  about,  and  returned  in  varying  proportions  by 
other  surrounding  objects,  l)ut  they  all  owe  their  original 
existence  to  a  heated  material  mass,  whether  tlmt  mass  be 
the  sun,  the  dog-star,  the  drawing-room  fire,  or  the  flame 
of  a  candle.  So  we  must  look  for  a  moment  at  the  source 
of  such  octher-waves  before  we  can  comprehend  the  nature 
of  the  waves  themselves. 

Directly  or  indirectly,  in  every  case,  the  vibration  of  the 
original  heated  body  is  due  to  the  rushi.g  together  of 
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iii!iH.s(!.s,  in()l('(Mil(!.s,  or  iiloiiis  wliicli  woro  provioii.sly  in  ;i 
stato  of  sejiiirution.  In  tlie  heavenly  bodies,  tlio  sun  and 
IIk;  (ixod  stars,  the  attraction  of  j;ravitation  (which  allecls 
nias.sL's)  is  (hawini,'  toi^'cthiir  tlKsir  skirts;  and  nmhsr  its 
inlhi(!nc(;  tiic  oullyini^'  inatl(!r  oi'  thiur  systems  is  ('hishin^' 
with  the  central  sphrrc;  and  jirodn.cin^-  a  tcirrilic  dc^^nee  of 
licat ;  just  as  the  continued  (dasliinj,'  of  lianiiners  on  an 
anvil  will  heat  a  pieccj  (jf  iron  red-hot  liere  on  our  little 
earth.  In  the  j^rate  and  the  candle,  aj,'ain,  the  attraction 
of  eheniical  allinily  (which  ari'ccls  atoms)  is  drawing 
1()^'(!ther  tiny  j)arti(des  of  carbon  and  oxygt^n  ;  and  as  the 
atoms  clash  against  one  another  in  the  embcirs  or  the 
flame,  they  are  ]»ut  into  a  similar  state  of  rapid  vibration 
or  heat.  In  physical  huignage,  tlu*  jiotential  energy  of 
their  previous  separation  has  become  kinetic  in  the  act 
of  union,  and  is  now  being  radiiited  olf  to  surrounding 
objects.  As  the  quickly  vibrating  little  bodies,  either  in 
the  sun  or  the  llame,  lly  from  side  to  side,  they  imi)avt 
each  second  a  portion  of  their  nif)ving  <!neigy  to  the  lether 
about  them ;  and  each  aitherial  molecule  continues  to 
impart  the  communicated  impulse  to  adjacent  molecules, 
so  that  a  series  of  s[)herical  waves  is  set  up  in  every 
direction  from  the  central  disturbance.  If  nothing  inter- 
venes to  prevent  them,  these  waves  go  on  widening  and 
weakening  through  all  space  ad  ivfuiitnm,  at  least  as  far 
as  human  science  or  conjecture  can  follow  them. 

But  all  the  lether-waves  are  not  of  exactly  the  same 
size,  nor  do  they  follow  one  another  with  exactly  the  same 
rapidity.  When  a  material  body  vibrates  with  a  com- 
j)aratively  slight  motion  (or,  as  we  say  in  other  words,  is 
only  slightly  heated),  the  waves  to  which  it  gives  rise  are 
comparatively  slow  and  volum-nous:  as  the  rate  of  vibra- 
tion increases,  more  rai)id  waves  succeed  in  the  surround- 
ing ffither;  and  when  the  rapidity  of  vibration  becomes 
very  great,  the  resulting  waves  follow  one  another  with 
an  almost  incredible  speed.  Three  principal  varieties  of 
blower  or  quicker  aither-waves  are  commonly  distinguished, 
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jK'('or(liii;j;  to  the  ellects  which  they  ^jroiiuce  upon  tlie 
hiiniun  orL^Miis. 

Tiie slowest  undulations  are  known  as  heat-waves;  those 
of  interni(!diate  rapidity  as  light- waves ;  and  the  (quickest 
of  all  as  chemical  waves. 

All  three  classes  of  waves  arc  produced  togeth(»r  by  a 
body  in  a  state  of  high  molecular  energy,  such  as  the  sun. 
Kortuiiatcly,  we  alcalde  to  separate  the  various  kinds  from 
one  another,  and  to  denionstiat(!  iheir  several  ])ro])erties, 
by  iiieuns  of  a  simple  piece  of  triangular  glass,  known  as 
a  prism. 

If  wo  make  a  small  slit  in  tlu;  shutter  of  a  darkened 
room,  and  allow  a  few  of  the  tether- waves,  giMierated  by 
the  sun,  to  enter  through  this  aperture,  we  can  interpo.su 
the  prism  acioss  their  jiatli,  and  project  ihem  sideways  on 
to  a  screen.  When  we  do  so  we  iind  that  the  various 
waves  are  all  bent  u^jward,  but  not  all  e(piiilly.  They 
occupy  a  broad  space  on  the  screen,  the  slowest  waves 
striking  the  lowest  portion,  and  the  quickest  falling  at  the 
top,  while  those  of  intermediate  s])ced  hit  the  middle 
space.^  Jf  we  put  a  thermometer  of  very  delicate  con- 
struction (known  as  a  thermopile)  at  the  lowest  point 
where  the  waves  surye  against  the  screen,  we  shall  Iind 
that,  in  this  portion  of  the  wave-bundle,  the  umlulations 
possess  great  heating  power.  If  we  put  a  piece  of  speci- 
ally prepared  ])aper  at  the  highest  point  where  the  waves 
alight,  we  shall  similarly  find  that  the  undulations  of  that 
region  possess  high  chemical  power.  And  if  we  look  at 
the  intermediate  space,  we  shall  see  for  ourselves  that  the 
waves  of  that  part  produce  the  greatest  amount  of  light 
and  colour.  So  here  we  learn  that  in  every  bundle  of 
solar  a?ther-waves  these  three  classes  of  undulations  are 
closely  combined ;  but  by  the  interposition  of  a  proper 
medium  they  can  be  sifted  and  separated  each  into  a 
place  of  its  own. 

'  As  my  purpose  is  Iiere  to  explain     careful  to  avoid  any  allusion  to  the 
the  oh)cci\vc  nature  of  colour,  I  am    subjective  differences  of  perception. 
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Fundamentally,  then,  light  and  radiant  heat  are  iden- 
tical. And  not  oidy  so,  but  a  third  order  of  rays — the 
chemical — is  always  bound  up  with  them  in  the  waves 
which  come  to  us  from  the  sun.  Yet  though  in  their 
objective  nature  these  various  agencies  are  so  similar — 
differing  not  at  all  in  kind,  but  only  in  degree — there  is 
a  very  strange  diversity  in  our  subjective  perception  of 
their  eficcts.  The  slowest  wther-waves  we  perceive  with 
every  portion  of  our  bodies,  and  know  as  heat ;  the  inter- 
mediate cTther- waves  we  perceive  through  a  pair  of  small 
and  special  organs — the  eyes — and  know  as  light ;  while 
the  fastest  aither- waves  we  do  not  perceive  at  all,  except 
by  A'cry  roundabout  and  indirect  means. 

The  reasons  for  this  difference  must  surely  be  very 
striking  ones.  It  seems  curious  that  such  similar  agen- 
cies should  be  so  diversely  cognised,  or  should  escape  our 
cognisance  altogether.  And  it  is  for  the  purpose  of  bring- 
ing into  clear  relief  so  strange  a  fact  that  I  have  chosen 
wdiat  doubtless  seemed  at  first  sight  an  awkward  and 
unfamiliar  mode  of  envisaging  a  well-known  subject. 
The  question  why  we  have  two  distinct  methods  for  per- 
ceiving two  closely  allied  forms  of  aither-waves,  and  no 
method  at  all  for  perceiving  the  third,  is  a  question  which 
evolutionism  is  bound  to  answer  before  it  proceeds  to  the 
minor  discrimination  of  those  lesser  differences  known  as 
colours. 

For  when  we  look  at  the  matter  objectively,  we  see  at 
once  that  each  colour  differs  from  its  neighbour  in  just  the 
same  manner  as  heat  differs  from  light,  though  only  to  a 
less  degree.  Accordingly,  we  must  ask  first,  Why  are  the 
senses  of  animals  so  differently  affected  by  the  extremes 
and  the  mean  of  the  solar  xmdulations  ?  And  wlien  we 
have  answered  that  question  we  nuiy  go  on  to  the  next, 
TIov*^  did  the  various  minor  undulations  of  mean  rapidity 
come  to  have  differential  sensations  attached  to  them  in 
consciousness  ? 

Fortunately,  the  answer  is  not  a  very  difficult  one.     The 
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slower  and  more  massive  undulations,  which  we  know  as 
heat-waves,  produce  very  marked  results  even  upon  inor- 
ganic bodies,  while  their  effects  upon  organic  matter  are 
obvious  and  enormously  important.  To  the  animal,  cold 
is  death  and  warmth  is  life.  Hence  it  is  not  astonishing 
that  animals  should  very  early  have  developed  a  sense 
which  informed  them  of  the  changes  of  temperature  taking 
place  in  their  vicinity ;  and  that  this  sense  should  have 
been  equally  diffused  over  the  whole  '>rganism.  ^ther- 
waves  of  slow  vibration  are  capable  of  setting  up  motion 
in  the  molecules  of  all  bodies  upon  which  thoy  impinge, 
as  we  know  familiarly  when  we  touch  a  stone  on  the 
summer  beach,  or  grasp  a  poker  which  has  lain  long  in 
front  of  the  fire;  and  the  motion  so  absorbed  we  ca'l 
warmth :  while,  on  the  other  hand,  molecules  in  rapid 
motion  give  up  their  energy  to  the  surrounding  lether,  as 
we  also  know  when  a  red-hot  poker  cools,  or  when  we 
expose  our  faces  to  the  chilly  wind  of  winter ;  and  the 
loss  of  motion  so  induced  we  call  cold.  In  either  case, 
the  immediate  effects  are  so  highly  important  to  animal 
life,  that  we  may  well  imagine  the  accompanying  sensa- 
tions to  be  amongst  the  earliest  which  evolution  could 
have  produced.  As  soon  as  moving  creatures  began  to 
feel  at  all,  they  probably  began  to  feel  heat  and  cold. 

The  aither-waves  of  middle  frequency,  however,  do  not 
produce  such  plain  and  universal  results.  If  we  interpose 
a  slab  of  rock-salt  in  the  course  of  a  solar  beam,  we  can 
sift  out  of  it  all  the  slower  undulations  (or  heat-waves), 
which  are  selected  and  absorbed  by  the  salt  itself.  On 
placing  our  hands  in  the  path  of  the  remaining  wavelets, 
we  do  not  experience  any  feeling  of  heat  whatsoever. 
And  if  we  put  a  piece  of  inorganic  matter — say  a  pebble 
— in  the  course  of  the  sifted  ray,  we  shall  find  that  it  is 
similarly  unaflected  in  temperature  or  structure.  The 
thermopile  conclusively  shows  us  that  little  or  no  imme- 
diate mechanical  power  is  left  in  the  wavelets  which  pass 
through  the  rock-palt.     If  we  examine  the  results  which 


/•   * 


^ '    '  I 


i*i 


(■(I  ? 


u 


77 IE  COLOUR-SENSF.. 


'■•    i 


Y 


■      i!   h 


these  middle  undulations  produce  upon  tlie  world  at  largo, 
■\ve  shall  arrive  at  similar  conclusions.  While  to  the  heat- 
waves are  due  the  conspicuous  differonces  of  summer  and 
winter,  ice,  snow,  and  rain,  the  poles  and  the  tropics, 
besides  the  great  phenomena  of  ocean-currents,  winds, 
evaporation,  clouds,  rainfall,  and  atmospheric  disturbances 
generally ;  their  companions,  the  light-waves,  scarcely  pro- 
duce any  noticeable  effects  at  all.  Falling  upon  the  mass 
of  tlie  earth's  surface,  they  are  not,  like  the  slower  undula- 
tions, absorbed  and  comnnuiicated  through  the  substance 
on  which  they  impinge,  but  are  rellected  and  twisted  back 
upon  space  in  every  possible  direction.  Even  if  they  are 
partially  taken  in  by  the  matter  on  which  they  fall,  yet 
the  greater  portion  of  them  are  returned  without  elfecting 
any  change  in  its  arrangement ;  and  if,  as  in  the  case  of 
what  we  call  a  black  surface,  a  large  number  or  tlie  whole 
of  them  are  absorbed  and  retained,  they  are  yet  degraded 
by  the  process  into  the  form  of  heat- wave  ,  from  which 
they  cannot  be  consciously  discriminated  except  by  in- 
direct means.  These  middle  waves  could  not,  therefore, 
prove  of  any  great  importance  to  animal  life  in  its  earliest 
days ;  and  we  need  not  wonder  that  no  sense  for  tlieir 
perception  was  at  first  developed. 

There  is  one  conspicuous  exception,  however,  to  this 
comparative  inertness  of  the  light- waves — L  mean  the 
case  of  plants.  In  their  leaves,  the  middle  and  quickest 
a3therial  undulations  become  the  agents  for  efl'ecting  great 
chemical  and  physical  changes,  upon  which  the  whole 
course  of  mundane  life  entirely  depends.  Hut  these  facts, 
all-important  in  themselves,  do  not  directly  allect  our 
present  question.  Light  is  essentia^,  to  animal  life,  because 
it  is  essential  to  the  plants  upon  which,  mediately  or  imme- 
diately, animal  life  subsists.  J'ut  a  perception  or  discri- 
mination of  light  is  not  at  all  necessary,  except  in  a  very 
roundabout  and  derivative  way.  Why  it  has  arisen  at 
all  we  may  next  brieily  inquire. 

The  liglit-wavcs   falling  upon  a  body  do  not  largely 
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affect  it,  as  a  rule,  in  any  way.  They  may  occasionally 
be  employed  in  bringing  about  slight  changes  of  its  super- 
licial  molecules,  but  they  do  not  penetrate  deeply  or 
work  conspicuous  rearrangements  of  its  whole  substance. 
Xevei'thcless,  the  power  of  discrinnnating  them  may  in- 
directly benefit  an  animal  organism.  If  a  iellvfish,  swim- 
ming  at  the  water's  top,  has  eyelets  upon  which  the  in- 
cident ligiit-waves  produce  distinct  ellects,  it  may  be 
Avarned  of  the  approaching  enemy,  or  informed  of  passing 
prey,  by  having  the  path  of  the  iiether-waves  cut  off  from 
above.  Still  more  valuable  will  the  nascent  sense  become, 
if,  instead  of  being  restricted  to  the  full  force  of  directly 
incident  undulations,  it  is  capable  of  being  impressed  by 
reliected  waves.  In  this  case,  not  only  M'ill  the  creature 
be  conscious  of  objects  passing  between  it  and  the  source 
of  light,  but  it  will  be  able  to  receive  varying  stimulations 
from  all  surrounding  objects  upon  which  the  light  falls. 
The  more  highly  developed  its  sight  becomes  (for  we  may 
now  use  the  language  of  ordinary  life  without  fear  of 
ambiguity),  the  more  clearly  will  it  be  affected  by  the 
beams  which  are  twisted  about  and  returned  upon  space; 
from  every  neighbouring  body.  Until  at  last  that  very 
fact  in  the  light-waves  which  made  them  originally  so  un- 
important— the  fact  that  they  glance  off  every  object  they 
hit  like  a  ball  rebounding  from  a  wall— gives  them,  in  our 
eyes,  the  greatest  value,  by  enabling  us  to  discriminate 
from  a  distance  tlie  shape  and  texture  of  all  we  see,  with- 
out the  trouble  of  actual  examination  by  the  hands  and 
fingers. 

liut  this  specialisetl  sense  is  hardly  likely  to  spread 
itself  over  the  whole  body,  like  the  sense  of  heat  and  cold. 
Xot  oidy  should  wo  derive  no  advantage  from  being  all 
eye,  but  we  should  be  positively  inconnnoded  rather  than 
benefited  by  such  an  arrauf^ement.  It  will  only  be  in 
certain  special  S])ots  or  ocdli  that  the  perception  of  light 
will  probably  begin;  and  as  the  sense  strengthens,  we 
shall  find  these  spots  becoming  fewer  and  fewer,  until  in 
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ilie  approximately  perfect  organisms  they  are  reduced  to 
the  two  conspicuous  orbs  which  we  commonly  call  eyes. 
All  such  questions,  however,  must  be  left  over  for  a  while, 
until  we  come  to  examine  the  development  of  the  rudi- 
mentary vision.  At  present  we  must  hurry  on  to  reach 
our  proper  subject — the  objective  nature  of  colour. 

As  for  the  third  class  of  (etherial  undulations,  tlie 
([uici^est  or  chemical  waves,  their  effects  are  so  slight  and 
inconspicuous  that  we  have  never  had  occasion  to  develop 
any  sense  whatsoever  for  their  perception.  It  is  only  quite 
recently,  and  by  quite  indirect  methods  (chiefly  through 
the  investigations  of  the  earliest  photograpliers),  that  wo 
liave  come  to  recognise  their  existence  at  all,  Xeither 
upon  inorganic  substances  nor  upon  animal  bodies  do 
they  produce  any  striking  result ;  so  that  we  need  not 
wonder  at  our  inability  to  perceive  them,  either  with  our 
whole  organism  or  with  any  specialised  organ.  AVhat- 
ever  has  no  inlluence  upon  our  welfare  as  a  species 
can  never  have  any  effect  upon  the  modification  of  our 
senses. 

We  can  dimly  understand,  then,  why  these  three  kinds 
of  aether- waves,  differing  from  one  another  only  in  their 
relative  size  and  frequency,  should  be  commonly  thought 
of  as  such  utterly  unlike  agencies.  The  slowest  waves 
affect  all  material  substances  alike,  and  are  consequently 
cognised  bv  our  whole  bodies  as  heat.  The  middle  waves 
are  cast  off  in  varying  proportions  by  almost  every  sub- 
stance upon  which  they  fall,  but  possess  little  power  of 
modifying  their  arrangement,  and  are  consequently  cog- 
nised by  a  very  special  organ — the  eye  ;  while  the  quickest 
waves  are  almost  inert,  so  far  as  our  present  purpose  is 
concerned,  and  are  consequently  not  cognised  by  us  at 
all,  except  mediately  and  intellectually. 

And  now  that  wo  have  seen  the  objective  nature  of 
light  in  general,  let  us  ask  what  is  the  objective  nature  of 
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As  I  said  above,  each  colour  bears  objectively  the  same 
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relation  to  li,i:lit  as  lij^lit  itsc^lf,  lioat,  and  clieniieal  vnys 
bear  to  the  whole  set  of  a-tlierial  niidulalions. 

If,  once  more,  avc  have  recourse  to  the  prism  and  the 
darkened  room,  we  can  throw  a  bundle  of  a'lhcr-wavcs  as 
befcjre  upon  a  M'hite  screen.  Ne.^decting  now  the  two  ex- 
Iremcs,  the  heat-rays  and  the  chemical  rays,  which  arc  of 
course  invisible,  we  need  only  concern  ourselves  with  tlu; 
middle  or  li!j,ht-rnys,  M'hich  form  a  bright  band  of  colours, 
ranging  from  red  to  violet.  The  lowest  part  of  this  band 
or  spectrum,  next  to  the  place  where  the  thernio])il(! 
showed  us  the  existence  of  the  heat-rays,  is  occu])ied  by 
red.  After  it,  in  ascending  order,  come  orange,  yellow, 
green,  and  blue  ;  while  the  highest  jdace,  next  to  the  point 
where  the  sensitised  ])aper  showed  us  the  existence  of  the 
chemical  rays,  is  idled  by  a  belt  of  violet.  Each  of  these 
colours  answers  to  a  set  of  a'ther-waves,  whose  frequency 
is  intermediate  between  that  of  heat-rays  and  chemical 
rays  in  the  order  just  given.  Slowest  of  all  visible  rays 
are  the  red,  next  come  the  green  and  blue,  while  the 
Aiolet  are  the  (piickest  waves  capable  of  producing  any 
direct  elTect  upon  the  eye. 

In  the  case  of  such  a  sohr  spectrum,  we  have  sifted  out 
the  various  orders  of  a;ther-waves  bv  means  of  their 
varying  rcfrmi'/ihilih/,  that  is  to  say,  the  extent  to  which 
each  is  capable  of  being  bent  aside  from  its  direct  course 
by  means  of  the  ])risiu.  lUit  there  are  other  Avays  in 
Avhich  the  same  eU'ect  may  be  jiroducetl.  For  example, 
we 'may  interce])t  the;  whole  bundle  of  compound  undula- 
tions with  a  ])iece  of  specially  jirepared  glass  (red  glass,  as 
we  call  it),  which  sifts  out  all  the  (juicker  waves,  leaving 
only  the  red,  just  as  the  rock-salt  sifteil  out  all  the  heat- 
waves. Similarly,  we  may  take  a  piece  of  green,  blue,  or 
violet  glass,  which  will  cut  ol't'  all  but  the  jU'o^ter  kind  of 
waves  M'hich  it  is  intended  to  let  through.  Keither  of 
these  ways,  however,  is  a  comnu)n  one  in  extornal  miture. 
The  rainbow  shows  us  the  solar  spectrum,  and  the  green 
light  which  has  passed  through  a  stratum  of  water  gives 
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US  an  instance  of  solccLive  absorption;  but  tlic  way  in 
which  ordinary  colour  is  produced  is  a  slightly  difi'eront 
one. 

Wo  saw  above  that  every  {ether- wave  has  its  origin  in 
an  incandescent  body,  celestial  or  mundane.  J>ut  most  of 
tlie  objects  which  we  see  every  day  are  not  themselves 
incandescent;  the  light  by  whicli  we  perceive  them  is 
rollected  from  the  sun.  Now  when  the  light-waves  from 
tlie  sun  strike  upon  any  terrestrial  objcoc,  they  may  b(; 
rellected  in  a  great  numy  dilferent  manners.  If  the  sur- 
face upon  wluch  they  fall  is  perfectly  smooth  and  quite 
opaque  (or  incapable  of  transmitting  the  undulations 
through  its  substance),  the  waves  will  be  returned  in  their 
entiretv/  as  when  we  sec  an  image  of  the  sun  in  a  mirror. 
Here  the  waves  are  sent  back  as  they  came,  exactly  in 
the  same  way  as  when  a  ball  rebounds  from  the  wall.  If, 
however,  the  surface  is  not  quite  smooth,  but  yet  has 
no  special  selective  power  for  any  one  set  of  waves  rather 
than  another,  the  light  is  then  returned,  not  directly  as  it 
came,  but  dispersedly  in  every  direction.  Such  an  object 
is  said  to  be  white,  and  its  UKxle  of  treating  the  light  may 
be  compared  to  the  case  of  a  slonc  thrown  against  a  wall, 
and  shivered  in  every  direction  into  a  thousand  pieces. 
Again,  if  the  surface  has  such  a  molecular  disposition  that 
it  absorbs  or  neutralises  one  or  more  sets  of  waves,  and 
only  returns  one  or  more  other  sets,  then  it  is  said  to  be 
coloured.  If  it  absorbs  all  the  green,  blue,  and  violet 
rays,  returning  (jnly  the  red,  I  lien  it  is  said  to  be  a  red 
object,  because  the  red  rays  alone  strike  our  eyes  when  W(! 
look  at  it.  Similarly,  if  it  absorbs  all  the  red,  orange,  and 
violet  rays,  returning  only  the  green,  it  is  said  to  be  a 
green  object.  And  so  on  tliroughout.  Lastly,  if  it  absorbs 
all  the  icther-waves.  degrading  their  light  into  the  form  of 
heat,  and  returning  none,  it  is  said  to  be  black.- 

1  I  iim  spoiikiiig  broadly,  iiiul  pur-  will  forgive  !iie  for  siiiiiilifyinsf  Ilia 

posely   iK'gleci/    iniuule   ami   tudious  question  hy  omittinj,'  all  referoiicn  to 

dotnils.  inner     reflexion    and    other     minor 

^  1  trust  the  critieal  scientific  reader  points. 
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Almost  every  object  upon  wliicli  the  sunlight  falls 
possesses  a  power  of  seleclinj,'  and  niturning  various 
a'thcr-waves  in  varying  proportions.  "Were  it  not  so,  the 
sense  of  sight  could  never  have  been  developed.  If  all 
objects  alike  absorbed  all  the  rays  which  fell  upon  them, 
then  the  -vvliole  earth  M'ould  be  one  unbroken  sheet  of 
black,  and  the  only  visible  things  would  be  the  sun  and 
the  fixed  stars.  If  all  objects  alike  rellected  all  the  rays 
which  fell  upon  them,  then  tiie  whole  earth  would  be  one 
mass  of  da;izling  white,  without  distinction  of  shape  or 
colour.  r»ut  as  each  object  rcilects  and  disperses  the  light 
in  dil'ferent  ways  from  every  point  of  its  surface,  the 
discrimination  of  form,  of  light  and  .shade,  and  of  colour 
becomes  possible.  The  existence  of  tlie  two  lirst-nameu. 
faculties  we  must  take  for  granted  in  tliis  work,  though 
we  shall  have  somewhat  further  to  say  about  them  in  the 
succeeding  chapter.  But  the  discrimination  of  colour, 
the  proper  subject  of  our  treatise,  demands  a  little  more 
detailed  treatment  even  at  this  preliminary  stage. 

r.y  colour-perception,  then,  we  shall  understand  in  the 
present  work  tho  jpovxr  of  discriminating  hclwccn  litjht- 
icai'cs ''inviiif/ diljcrcnt  rcdcs  of  frcqiicnci/.  If  any  creatun; 
shows  by  its  actions  that  it  is  endowed  with  such  a  power, 
we  shall  say  that  it  possesses  a  colour-sense.  Anything 
more  than  this  it  is  impossible  to  prove.  Whether  the 
sensation  or  mental  idea  blue,  as  perceived  or  thought  by 
a  butteilly  or  a  humming-bird,  is  the  same  in  conscious- 
ness with  the  sensation  or  mental  idea  blue  as  perceived 
or  thought  by  you  and  me,  we  can  never  know.  For, 
observe,  we  can  never  even  know,  gifted  with  language 
as  you  and  I  are,  whether  my  ])erception  of  blue  is  tlu^ 
same  as  yours ;  far  less  then  can  we  know  this  same, 
thing  in  the  case  of  animals  whose  minds  are  so  widely 
diverse  as  man's  and  the  butterlly's,  and  between  whom 
intercommunication  is  impossible.  Ihit  we  can  know  by 
means  of  language  that  certain  objective  difierences  which 
difTerentially  affect  me  also  differentially  affect  you.    And 
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so  too  WG  can-  know,  Ly  the  testimony  of  voluntary  or  auto- 
matic action,  tliat  tliese  same  objective  differences  wliich 
(liflerentially  aflcct  us  two,  in  like  manner  (lifferontially 
al'foct  birds,  fislics,  and  insects.  Such  a  power  of  bein^' 
did'erentially  affected  in  the  particuh^r  case  of  medium 
aitlier-wavcs  having  quicker  or  slower  rates  of  recurrence, 
wo  call  tlie  colour-sense. 

!Moreov(>r,  just  as,  in  s[iite  of  this  logical  and  meta- 
])hysical  dillictulty,  no  two  human  beings  ever  seriously 
and  really  doubted  tlie  practical  and  essential  identity  of 
tlieir  respective  sensations,  so  too  in  the  case  before  us, 
I  tiiink  Ave  shall  find  such  a  general  agreement  in  the 
likes  and.  dislikes  of  taste,  smell,  sound,  and  colour, 
running  through  two  laige  groups  of  animals,  Avhose 
general  habits  of  life  coincide  in  the  main,  that  we  shall 
not  hesitate  practically  to  assert  the  correspondence  of 
our  idea  of  colour  with  that  of  beasts,  birds,  fishes,  and 
insects.  That  we  can  jjrovc  this  correspondence  no  one 
could  for  a  moment  maintain;  but  that  we  should  hdicve 
it  without  strict  i)roof,  is  not,  it  seems  to  me,  a  very 
dangerous  precedent,  liather  should  we  hesitate  to  intro- 
duce into  our  conce])iion  of  the  uniform  order  of  nature 
any  supposed  difference  in  kind  without  full  and  a\  :iighty 
reason. 

A  few  words  more,  before  we  close  this  unavoidably 
tedious  prelimiiiaiy  statement,  as  to  the  nature  of  the 
colours  objectively  existent  in  nature.  As  a  rule,  the 
bundles  of  a'ther- waves  which  fall  upon  terrestrial  objects 
are  not  directly  reflected  (in  other  words,  the  world  is  not 
made  up  of  innumerable  mirrors)  ;  nor  are  they  dispersed 
in  their  integrity  (in  other  words,  the  world  is  not  a  sheet 
of  snowy  white)  ;  nor  are  they  all  wholly  absorbed  (in 
other  words,  tlu;  world  is  I'ot  a  pall  of  sombre  black).  A 
few  objects  have  such  s.wfaces  as  to  reflect  totally,  like 
looking-glasses,  mci'cury,  or  calm  water  ;  a  few  others 
have  such  a  m(jlecular  constitution  as  to  disperse  the 
total  beam,  like  snow-\\liite  paper  and  l)leached  linen  :  a 
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h'W  more  have  such  a  dilteient  molecular  arran<fenrent  as 
lo  absorb  entirely,  like  soot,  lampblack,  and  broadcloth. 
J)Ut  most  bodies  have  their  molecules  so  set  as  to  absorb 
certain  amounts  or  orders  of  lether-wnves  and  to  return 
certain  other  amounts  or  orders.  It  is  these  last  of  uhich 
Me  ^uenerally  speak  as  coloured  objects. 

Tractically  speaking,  black,  while,  and  grey  only  differ 
in  the  amount  of  waves  which  they  rellect  and  absorb,  not 
iu  llieir  kinds.  A  black  object  absorbs  nearly  all ;  awhile 
ohjcct  disperses  nearly  all ;  a  grey  object  absorbs  some  and 
disperses  some,  but  in  nearly  equal  ])roporlions  of  tin; 
various  kinds.  These  varieties,  then,  yield  us  no  sensa- 
tions of  colour  proper,  but  rather  of  light  and  shade. 

J  hit  many  objects — the  vast  mnjoi'ity  of  objects,  in 
fact — do  not  rellect  the  various  constituents  of  the  total 
wave-bundle  in  their  entirety  or  in  equal  proportions. 
I'hey  have  such  a  molecular  constitution  that  they  select 
from  the  waves  which  fall  upon  them  certain  special 
waves,  whose  frequency  is  the  same  as  their  own  natural 
late  of  oscillation,  or  else  a  multiple  of  the  same.  All 
otiiers  they  reject  and  reflect  bade  upon  the  icther  wiih- 
out.  It  is  these  reflected  waves  which  fall  upon  our  eyes 
and  yield  us  the  sensation  of  colour. 

A'ery  few  natural  objects,  again,  outsiae  rhe  organic 
chiss,  yield  us  pure  colours.  Most  of  them  are  of  dull 
nnxed  hues,  like  llie  various  earths,  sands,  rocks,  and 
chiys.  A  very  small  and  higidy  prized  class  of  inorganic. 
b(jdies  do,  indeed,  rellect  light  of  a  single  sort  only,  as  in 
the  ruby,  the  to[)az,  tlie  amethyst,  and  other  precious 
stones,  lint,  as  a  rule,  inorgaiuc  bodies,  as  fouml  iu 
nature,  are  dull  browns,  dingy  greys,  or  muddy  whites. 
AVhen  we  turn  to  the  organic  world,  however,  we  fiuil 
pure  colours — that  is  to  say,  (cther-waves  of  single  or 
slightly  compounded  orders— very  prevalent.  In  the  green 
leaves  of  trees,  the  brilliant  tints  of  ilowers,  the  lovely 
hues  of  fruits,  the  wings  of  butterllies,  the  feathers  of 
birds,  we  liud  colour  constantly  appearing  in  very  pure 
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foiins.  We  sliall  S(!C  reason  in  the  se(iiiel  to  coneliido 
that  tliese  jjure  avuvc^s,  rather  than  tlie  iiii\e<l  luid  eon- 
fused  systems  of  inorj^anic  nature,  liave  given  rise  to  the 
])erc('ption  of  eolour  in  animal  oi_u;anisms. 

And  now  h-t  m(>  Ijrielly  sum  up  the  points  Mliich  1 
liave  been  endeavouring  to  italicise  in  this  prcamhh.'. 
Colour,  objectively  viewed,  is  nothing'  more  or  hiss  tlian 
the  dillerent  rate  of  oscillation  in  dillenrnt  jether-wavcs. 
The  colour-sense,  sul)jectively  vicA'cd,  is  an  exaii-^ferated 
diflerenee  of  perception,  attached  to  the  ell'ecLs  of  those 
external  airencies,  which  really  didei-  sovery  liLlle  betwcsen 
themselves.  And  the  ])roblem  of  its  oriij^iu  is  this — How 
did  these  sli^^ht  difrerences  in  the  frequencies  of  jetlun'- 
"waves  rellected  from  various  organic  or  inor'j;anic  b(.)di('s 
conte  to  have  such  dispro])ortionately  diverse  sensations 
wttached  to  them  in  consciousness  ?  In  other  words, 
when  red  light  dill'ers  from  blue  light  only  in  (U'gree,  why 
does  red  differ  from  blue,  as  we  know  them,  in  kind  ? 

The  questions  thus  proposed  our  future  chapters  must 
endeavour  to  answer. 
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CHAPTER   III. 


Till':   ORGAN   OF   VISION. 


TiiK  pnvcoption  of  li^lit  is  not  equally  valuaLlo  to  all 
classes  of  animals.  It  seems  to  be  specially  connected 
MJtli  the  power  of  locomotion.  Sessile  or  sedentary  ani- 
mals, as  a  rule,  do  not  possess  any  form  of  visual  organ ; 
while  very  free  and  active  animals,  even  of  lower  oi'^anisa- 
lion,  liavo  well-marked  eyes.  Tiie  Ecliinodermata,  fcir 
4  (^\•am])le,  are  far  more  hij^ldy  evolved  creatures  than  tlu; 

JH  ]\redusa',    but    their    haliits    are    comparatively   slugf;isli, 

while  the  Medusa*  lead  a  wandering,  ])i'edatory  life;  and 
we  lind  that  the  former  class  are  apparently  quite  eyeless, 
while  the  latter  have  distinct  occlii,  which  in  some  cases 
reach  a  considerable  comjilexity  of  structure. 

Still  more  clearly  is  this  connection  made  evident  by 
the  metamor])hoscs  of  many  creatures  which  pass  from  a 
free  to  a  ilxed  state.  'J'he  young  barnacles  and  halani  are 
active,  locomotive  animals,  furnished  with  eyes,  antenme, 
and  limbs;  but  .after  a  period  of  activity,  they  finally  fix 
themselves  upon  some  solid  object,  and  undergo  a  loss  of 
all  their  higher  sense-organs.  Similar  changes  take  i)lace 
among  the  parasitic  Entomostraca,  the  Tubicolar  Annelids, 
and  many  ^Mollusca.  These  must  be  regarded  as  cases  of 
(k'gradation  or  retrogressive  development. 

Conversely,  the  JMedusre  are  shown,  by  their  ]ieculiar 
mode  of  development,  to  be  the  descendants  of  hydraform 
])<)lypes.  During  their  sessile  stage,  when  they  exactly 
resemble  the  true  Hydroida,  they  are  as  destitute  of  eyes 
as  the  oth(!r  mendjcrs  of   tliat  order.      I'ut  when  they 
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iKMpiin!  tliuii  teiiliirlcs  and  assumo  lln!  fn;t'  iiiodtj  of  Iifi», 
till!  (H'All  iin;  proilucL'd  to.Ljollicr  wiih  tlio  olhcfi*  iniiliiri; 
oi'^^ans.  This  must  be  roguidud  a.s  u  case  of  piogies.sivo 
iluv«'lui)iii('nt. 

If  \vu  exiiiiiiiK!  tilt!  various  classes  of  aniiuals  in  ordci-, 
the  sanu!  ^'ciieral  connection  hi  twccn  fre(i  locomotion  and 
vision  will  be  forced  uixm  us  once  more.  Passin^^  over 
the  I'l'otozoa,  which  of  course  are  too  humble  in  structuro 
t'j  exhibit  any  such  complex  nervous  organs  as  eyes,  and 
bcL,dnninj4  with  the  JIadiata,  \sv.  see  that  the  only  class  in 
that  division  which  jiosse.ssoa  hiyh  powers  of  locomotion 
is  the  Discophora,  or  jellyfish,  and  this  is  also  the  otdy 
class  provided  with  visual  origans.  Among  the  Nemato- 
[thora  or  Echinoderniata,  which  are  all  very  sedentary 
animals,  eyes  are  doubtfully  present.  The  lower  vermi- 
t'ltrm  Articulata  are  mostly  entozoic,  and  these  of  course 
are  (pute  blind;  but  tlu;  few  species  which  swim  freely  in 
water  by  means  of  cilia  have  eyes  with  distinct  lenses. 
The  free  leeches  have  a  riuj,'  of  eyes  around  the  suckin;j; 
disc.  The  highest  of  these  vermiform  creatures — the 
Nereida",  rerii)alida',  and  Polyophthalmidie  — are  all  very 
locomotive,  and  all  have  very  highly  develo])ed  organs  of 
vision.  So  likewise  have  the  active  little  liotifera.  The 
Arthropoda,  or  true  articulates,  yield  like  results.  Thus, 
among  the  Crustacea,  the  Cirrhopoda  in  their  fixed  state 
and  the  parasitic  Entomostraca  are  si'ditless  ;  but  all  the 
higher  free  crustaceans  are  })rovided  with  eyes,  which  in 
the  active  ciab  and  lobster  orders  attain  a  hi^h  dcLa'ce  of 
perfection.  The  Hying  insects  show  us  eyes  of  great  com- 
plexity, inferior  only  to  the  same  organs  in  vertebrates,  if 
even  to  those.  Yet  while  most  of  the  Ifymenoptera  (in- 
cluding the  wasps  and  bees)  have  very  acute  vision,  it  is 
noteworthy  that  the  ants,  which  have  practicidly  lost  their 


wings,  are  almost,  and  in  some  s[)ecies  quite,  blind.  It  is 
also  a  remarkable  fact  that  the  male  and  female  ants 
which  arc  winged  possess  three  ocdli,  wanting  in  the 
winuless  neuters.     Amon<'  the  MoUusca,  in  like  manner. 
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llu;  !u\V(ji'  iiu»llu.scoiil  iiiiinials,  must  ol"  which  art!  lixfil, 
hiivo  110  organs  of  vision  whatsouvcr;  lh(j  hivalvii  niol- 
liisks,  lending-  very  sedentary  lives,  are  provided  only  with 
doiihtful  <>a7/i ;  tiie  relatively  active;  univalves  have  trne 
eyes,  hut  of  low  organisation  ;  while  the  free-swimniin'Li; 
('ei»lialoi>od.s  (cuttlelish  and  their  allies)  have;  eyes  as 
highly  d(!Velol>ed  a.s  those  ol'  many  lishes.  Lastly,  tlu; 
vt-rtehrates,  tjie  most  active  division  of  any,  siiow  ns  i\n>. 
jii^hest  visnal  ornans  of  all. 

We  shall  have  reason  similarly  to  concludo  hereafter 
that  the  colour-sense,  the  must  advanced  mode  of  visi(jn, 
is  s[)ecially  stronj^  amonj^st  the  llyini,'  insects,  tlu;  lishes 
(inariiu!  analogues  of  Hying  creatures),  the  hirds,  and  the 
very  active  foresiine  nuiinnials.  Its  high  development  in 
these  classes  is  shown  as  well  by  the  part  they  have  horinf 
in  the  evolution  of  fruits,  llowers,  and  coloured  organisms, 
as  by  their  own  brilliant  hues,  the  probable  result  of 
sexual  selection. 

Such  a  general  connection  between  locomotion  and 
vision  is  exactly  what  we  should  have  expected  from  the 
nature  of  the  case.  A  sessile  animal,  lying  in  wait  for  its 
food,  can  derive  little  or  no  benelit  from  the  [»ossession  of 
visual  organs.  Even  if  it  could  see  the  ap[iroaching  [)rey 
or  the  Hearing  enemy,  the  knowledge  uf  their  vicinity 
would  be  useless  without  the  power  uf  locomotion,  whereby 
it  mi'jht  seize  the  oiio  or  avoid  the  other.  Accordinglv, 
most  sessile  animals  are  provided  with  very  dillerent 
organs  for  the  prehension  of  fooil,and  very  diU'erent  means 
for  withdrawal  from  threatening  danger.  Some  uf  them 
jiossess  long  lloating  arms  or  tentacles, spread  out  in  every 
direction  to  catch  the  passing  prey,  which  they  cannot 
possibly  secure  uidess  it  actually  come  within  reach  of 
their  grasp.  These  for  the  most  part  wiilulraw  themselves 
from  attack  into  a  solid  tube,  as  in  the  case  uf  the  Sjrtu- 
larida;,  the  Tubicolar  Annelids,  the  L'uhmi,  and  the  IJryozoa  • 
or  else  curl  themselves  up  into  a  contracted  muss,  as  in 
the  Hydra,  Sea-anemones,  Crinoiden,  and  Itotifera.   Others, 
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ai;uiii,  like  tlie  bivalve  ^follusca,  are  enclosed  for  protec- 
tion in  stout  shells,  and  obtain  their  fouu  bj  the  creation 
of  currents  in  the  surrounding  water,  A  second  group, 
that  of  the  Entozoa,  live  in  the  interior  of  larger  animals, 
often  shut  off  from  the  access  of  light,  and  bathed  by  the 
nutritive  fluid  of  their  hosts.  Tliese,  also,  apparently  find 
the  i)ossession  of  eves  no  benefit  to  them.  Accordinolv, 
animals  originally  leading  a  life  of  either  sort  here  de- 
scribed— sessile  oi-  ])arasitic — seldom  or  never  acquire  the 
] tower  of  vision;  Avhile  animals  originally  possessing  that 
])ower,  which  afterwards  adopt  either  of  these  modes  of 
life,  usually  or  ijivariably  lose  their  eyes,  and  become 
degraded  in  many  other  ways,  in  accordance  with  the  Law 
(»f  J'arsimonv,  wherebv  all  unnecessary  organs  become  gra- 
dually  obsolescent. 

On  the  other  hand,  any  animal  whicL  has  acquired 
freedom  of  motion  will  naturally  derive  gi'oat  advantage 
from  ail}' premoniiiuii  of  I'ood  or  enemies  in  his  neighbour- 
hood. Such  indications  will  enable  him  to  rush  upon  the 
former  or  to  dart  away  from  the  latter.  There  are  various 
modes  by  which  information  of  the  sort  may  lie  given,  as 
by  those  material  particles  which  arouse  the  sense  of 
smell,  or  those  undulations  of  the  atmospheric  (jr  acueous 
medium  which  awaken  the  sense  of  hearing ;  but  the  waves 
of  aitlier  described  in  the  last  chapter  form  by  far  the  most 
certain  premoniiion  of  all  a])proaching  or  neighbouiing 
objects,  and  their  reactions  iinally  result  in  the  sense  of 
siu'ht.  Of  course  such  a  sense  cannot  arise  amon<j;st 
animals  A\hicli  live  perpetually  in  the  dark,  like  the  cestoid 
and  nematoid  worms,  the  lob-worm,  and  the  common 
earth-worm,  all  of  Avhose  freer  relatives  are  provided  Avith 
more  or  less  perfect  eyes ;  and  even  those  animals  which 
originally  ])ossessed  visual  oi'gans  lose  them  jtartially  or 
entirely  under  like  circumstances,  as  Ave  see  in  the  ])0])y- 
ridte,  Acarina,  and  many  other  ]iarasites,  the  blind  moles, 
and  the  Avcdl-knoAvn  sightless  fish  and  reptiles  of  the  Ken- 
tucky and  Carinthian  caverns.     Similarly,  most  very  dcep- 
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Rca  organisms  arc  blind,  tliough  some  remarkable  excep- 
tions occur.  I5ut  amongst  all  tlie  liigher  free  locomol".ive 
and  open-air  or  shoal-water  animals  m'C  find  some  form  of 
mcclianisni  for  the  perception  of  liglit--\vaves,  developed  in 
rough  proportion  to  tlie  perfection  of  the  motor  system. 

Tiierc  is  good  reason  to  believe  tliat  such  a  nieclumism 
lias  been  inde])ondently  evolved,  time  after  time,  by 
several  distinct  leading  orders  in  all  the  great  classes  of 
animals.  1'he  eye  of  tiie  bee,  of  the  cuttlelish,  and  of  the 
eagle,  have  each  apparently  been  separately  developed 
fi'om  unlike  remote  sightless  ancestors.  Accordingly,  the 
diversity  of  structure  among  these  organs  is  so  great,  that 
it  would  obviously  be  impossible  to  give  even  a  brief 
account  of  their  leading  morphological  peculiarities  in  a 
single  introductory  chapter.  It  must  suffice  here  to  trace 
out  a  few  of  the  main  steps  in  the  evolution  of  such 
organs,  from  the  strictly  psychological  point  of  view. 

Simple  imdilferentiatcd  animal  tissue,  such  as  we  see 
in  the  lihizopoda,  is  probably  more  or  less  affected  by 
incident  oether-waves,  like  manv  other  organic  and  inor- 
Ljanic  substances.  But  in  order  to  produce  even  the  most 
vague  and  indeterminate  sensation  of  light — or  rather, 
sensation  having  light  for  its  t-x'-iting  cause,  since  tlie  sen- 
sation itself  (if  any)  is  probably  quite  iiidelhiite  in  quality 
• — certain  portions  of  f'.o  external  coat  must  apparently 
lie  specialised  by  the  collection  of  a  relatively  larg.i- 
amoiuit  of  matter  unusually  sensitive  to  light,  and 
directly  connected  with  some  simple  or  complex  nervous 
centre.  Such  spots  are  always  marked  by  ilie  ju'esence  of 
jiigmentary  substances,  which  seem  to  play  an  important 
part  in  the  function  of  sight.  The  simplest  form  in  which 
they  occur  is  tliat  of  the  occUl  among  naked-eyed  Me- 
dusai.^  These  consist  of  small  masses  of  pigment  cells, 
surrounding   a   minute   silicious    crystal;    and   they   are 
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usuiiUy  placed  on  tlie  under  cd.i^o  of  the  iinibrella-liko 
disc.  It  may  almost  be  doubted  whether  we  can  fairly 
attach  the  idea  of  setisation  in  any  form  to  those  very 
simple  animals  ;  but  at  any  rate,  we  now  know  with  cer- 
tainty that  the  ocelli  are  organs  acted  upon  by  light,  and 
responsive  to  its  stimulation.  ]\[r.  G.  J.  Eomanos,  how- 
ever, the  latest  investigator  of  the  subject,  believes  that 
I  he  eyes  of  ]\Iedusie  are  the  simplest  possible,  because  the 
interval  between  tlie  stimulus  and  the  response  is  so 
relatively  great  that,  were  it  any  greater,  the  animal  could 
hardly  derive  any  advantage  from  the  organs. 

Jn  such  very  ludimentary  eyes,  the  only  perception  (or 
afl'ection)  possible  is  that  of  light  or  its  negation,  tiu^ 
latter  being  probably  the  most  important.  "We  may  per- 
liaps  dindy  figure  to  ourselves  its  nature  by  shutting  our 
eyes  and  then  passing  one  hand  between  them  and  the 
light.  Some  such  va<<ue  consciousness  (if  anv)  of  a 
change  in  the  environment,  is  doubtless  the  utmost  con- 
jectural limit  of  discophorous  vision. 

The  first  step  in  progressive  development  from  this 
earliest  form  of  visual  organ  would  consist  in  a  sim})U; 
increase  in  the  ])0wer  of  distinguishing  light  from  dark- 
ness.  This  step  appears  to  bo  the  principal  (jne  tak(!n  by 
the  ordinary  univalve  ^MoUusca  (Gasteropoda),  whose  eyes 
])robably  only  inform  them  of  such  wide  distinctions. 

JUit  an  eye,  to  bo  of  any  special  use,  must  also  give 
more  tletinite  and  particular  information  with  regard  to 
surrounding  objects,  and  this  information  can  best  be  com- 
municated by  some  mechanism  for  the  perce[)tion  (jf  form. 
A  single  percipient  organ,  every  ])art  of  which  is  simul- 
taneously and  equally  ah'ected,  cannot  ailbrd  indications 
of  such  a  sort.  In  order  to  obtaji  deiinite  information  as 
to  the  sliape  and  dispositic>ii  of  neighbouring  bodies,  we 
must  have  a  number  of  separate  sensitive  eleme-its,  each 
directed  towards  a  point  in  the  environing  space,  and  sub- 
tending a  greater  or  less  angle.  Every  one  of  these  ele- 
ments must  be  provided  with  a  ncrve-hbie  of  its  own,  and 
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ronncctcd  with  some  percipient  centre.  Tlie  minnteness 
of  discrimination  must  depend  upon  the  number  of  sucli 
sensitive  elements  and  the  angles  which  they  respectively 
Hubtend. 

To  trace  out  in  detail  the  .gradual  steps  by  which  such 
structures  were  evolved  would  be  both  tedious  and  difH- 
cult,  thouuh  certain  materials  exist  for  the  purj)ose  in  tlie 
sim])le  and  compound  eyes  of  insects  and  their  larvro,  and 
in  the  eyes  of  some  lower  vertebrates.  But  it  will  sullice 
f(tr  our  ])resent  object  to  describe,  in  rough  generalisations, 
the  means  adopted  for  the  purpose  in  the  most  perfect 
eyes,  such  as  those  of  bees  or  of  mammals.  Here  a  large 
number  of  separate  nerve-terminals  are  arrangc^d  in  a 
more  or  less  semicircular  form,  with  single  or  numerous 
lenses,  which  cast  the  cCther  waves  upon  their  percipient 
surfaces.  Eacli  such  terminal  answers  to  a  separate  point 
in  the  visual  Held,  and  the  mechanism  of  the  lens  is  so 
arranged  that  jrtlier- waves  from  that  point  alone  fall 
directly  on  its  focal  surface.  Thus  every  point  in  the 
visual  field  is  represented  to  the  mind  by  an  excitation  of 
the  corresponding  terminal ;  and  the  number  and  position 
of  the  terminals  aflected  gives  the  animal  a  clue  to  the 
shape  and  place  of  the  object.  The  interpretation  of  these 
visual  rymbols  into  tactual  aiul  muscular  terms  becomes 
ap])arently  automatic  or  instinctive  in  many  cases. 

In  the  human  eye,  which  may  be  taken  as  a  fair 
specimen  of  that  found  among  mammals  generally,  the 
main  portions  of  the  mechanism  may  be  thus  briefly 
summarised.  Tlie  cxlermil  or  o])tical-instrument  portion 
•  •onsisls  of  a  viscid  lens,  whose  shape  and  focus  may  be 
altered  by  muscular  contraction,  so  as  to  converge  at  will 
{ether- Vt'aves  from  did'erent  sources  at  varying  distances 
upon  a  given  ])oint  behind  it.  The  internal  or  nervous 
and  perci])ient  ])ortiou  consists  of  tlie  retina,  essentially  a 
._.work  of  nerve-terminals,  belonging  to  two  difTerent 
orders,  knoM-n  as  rods  and  cones.  The  excitation,  in  vary- 
ing degrees,  of  these  terminals,  gives  rise  to  the  p(>rcepiion 
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of  iho  visual  field.  When  no  part  Ls  excite  J,  we  get  the 
blank  form  of  visual  consciousness  known  as  darkness. 
When  the  whole  is  feebly  excited,  as  through  the  eyelids, 
Ave  get  a  faint  general  consciousness  of  light.  AVhen  the 
whole  is  excited  in  the  normal  manner,  the  eyes  being 
o[)eu  and  turned  toward  an  illuminated  iicld,  we  get  a 
consciousness  of  mingled  light  and  shade,  yielding  us 
indications  of  form.  Those  parts  of  the  visual  iiekl 
wliich  relloct  large  quantities  of  a;ther-waves  yield  us 
the  sensation  of  relative  light ;  those  parts  which  re- 
llect  small  quantities  yield  us  the  sensation  of  relative 
shade. 

Were  an  eye  so  constituted  to  possess  no  further  powers, 
the  whole  visual  Held  would  appear  to  it  monochromatic, 
<u'  rather  strictly  achromatic,  and  all  objects  would  look  as 
we  see  them  in  a  stereoscopic  picture.  But  the  human 
eye  is  also  capable  of  distinguishing  the  fpudlii/  of  light  as 
well  as  its  intensity.  Xot  only  can  we  discriminate  be- 
tween black,  white,  and  grey,  between  much  and  little 
illumination,  but  we  can  also  discriminate  between  red, 
blu(!,  yellow,  and  green,  between  aither- waves  of  greater 
or  less  frequency.  This  last  mode  of  perception — the 
colour-sense — is  the  only  one  with  which  we  are  concerned 
in  the  present  volume  ;  and  wo  shall  therefore  leave  aside 
all  other  questions  of  visual  development  as  foreign  to  our 
purpose.  ]\roreover,  as  our  point  of  view  is  psychological 
rather  than  physiological  or  anatomical,  we  shall  regard 
the  problem  of  its  origin  solely  from  the  mental  side, 
without  inquiring  into  the  nature  of  the  mechanism  em- 
ployed or  the  functions  of  its  various  parts. 

Any  other  method  of  inquiry  would  at  present  be  pre- 
mature. Even  in  the  hunuin  eye,  where  the  existence  of 
a  colour-senso  is  certain,  A\e  know  little  or  nothing  about 
the  mode  of  its  production.  There  nre  good  leasons,  it  is 
true,  for  suspecting  that  colour-perception  is  the  special 
function  of  the  cones,  while  the  discrimination  of  light  and 
shade  is  set  down  to  the  rods;  both  because  we  iind  colour- 
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perception  mosL  pronounced  in  those  parts  of  the  retina 
where  the  cones  are  most  thickly  massetl,  near  the  central 
point,  and  less  active  in  those  parts  where  tiiey  are  rela- 
tively few,  near  the  periphery;^  and  because  the  cones 
are  wholly  wantin;^'  in  the  eyes  of  nocturnal  animals, 
which  only  require  to  distinguish  between  light  and  shade. 
IJut  the  physiology  of  the  cones  is  much  disputed,  and  the 
accepted  theories  can  only  be  regarded  as  provisional. 
]\Ioreover,  in  insects,  where  the  colour-sense  is  most  cer- 
tain after  the  human  species,  we  have  not  even  a  conjec- 
tural hypothesis  of  the  mode  in  which  it  acts. 

It  may,  liowever,  be  worth  while,  before  we  pass  on  to 
our  proper  subject — the  origin  and  development  of  the 
colour-sense, — brielly  to  state  the  current  theory  as  to 
the  mechanism  for  the  perception  of  colour  in  mankind. 
This  theory,  lirst  proposed  by  Young,  and  adopted  by 
Jlidndioltz  and  Schultze,  supposes  that  each  spot  on  the 
retina  contains  a  number  of  nerve-terminals,  each  of 
which  is  capable  of  excitation  by  one  colour  only,  or,  in 
other  words,  by  lether-waves  ha":!:g  a  determinate  rate  of 
raj)idity,  and  no  others,  lly  these  terminals,  a  compound 
Uither-wave  would  be  decomposed  into  its  constituent 
elements,  which  would  arouse  sensation  in  the  correspond- 
ing nerve-iibres.  It  is  usual  to  assume  three  such  primary 
percipient  elements,  adapted  respectively  to  the  stinuda- 
tion  of  red,  green,  and  violet  light.  All  other  colours 
would  be  represented  in  consciousness  by  combinations  of 
these  in  varying  degrees  of  intensity.  It  is  probable, 
however,  that  the  real  number  of  separate  kinds  of  terminal 
is  vastly  greater.  JMoreover,  considerable  doubt  hangs 
over  the  mode  of  excitation  in  the  cones  themselves,  each 
of  which  is  supplied  with  a  largo  nnmber  of  ultimate 
nerve-fibres  (axis  cylinders),  and  is  therefore  in  all  pro- 
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liability  a  compound,  iioL  a  siin])l(3,  percipient  cloinont. 
]t  lias  lately  been  siiygesled  that  each  cone  niay  be  [)ro- 
vided  Avitli  separate  portions  for  the  perception  of  tlio 
various  elementary  colours ;  and  these  ])ortions  maybe 
divided  either  lonuitudinally  or  transversely.  lUit  the 
uhole  subj(}et  is  still  wrapped  in  the  greatest  obscurity, 
viewed  from  the  physiological  side;  and  it  is  oidy  by 
a]»proachiug  it  psychologically  that  we  can  h-'-jie  to  arrive 
for  the  jH'cscnt  at  any  decisive  result. 
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CHAPTER   IV. 


INSECTS   AND   FLOWERS. 


Xow  that  we  have  examined  a  few  amongst  the  various 
modes  Ly  which  waves  of  tether,  as  a  wliole,  may  affect  the 
sensory  system  of  animals,  let  us  turn  at  last  to  our  more 
])roper  subject,  and  inquire  by  what  steps  the  different 
kinds  of  sether-waves  came  to  be  differentially  cognised 
in  consciousness  as  red,  green,  yellow,  or  blue.  We  find 
ourselves  now  face  to  face  with  the  ultimate  problem 
which  we  have  determined,  if  possible,  to  solve  in  the 
])resent  volume.  We  must  see  what  immediate  advantage 
animals  could  gain  from  the  possession  of  a  nervous 
structure  ca|)able  of  that  differential  stimulation  by  the 
diverse  varieties  of  light  which  we  know  subjectively  as 
the  colour-sense. 

There  are  two  great  classes  of  animals  amongst  which 
the  existence  of  a  colour-sense  is  most  certain,  and  its 
reactions  upon  the  external  world  most  conspicuous. 
TJiese  are  the  articulates  and  the  vertebrates.  The  first 
class  affords  us  the  beautiful  butterllies,  beetles,  and 
crustaceans ;  the  second  gives  us  the  golden  coats  of  fish 
and  lizards,  the  exquisite  plumage  of  tropical  birds,  and 
the  striped  or  dappled  skins  of  the  fur-bearing  mammals. 
To  the  first  we  owe  the  existence  of  fiowers,  to  the  second 
we  must  refer  the  colours  of  all  bri<dit-hued  seeds  and 
fruits.  Accordingly,  for  every  practical  purpose,  we  may 
narrow  down  our  inquiry  to  the  consideration  of  these  two 
great  classes ;  and  amongst  the  articulates,  the  division 
which  most  obviously  calls  for  special  notice  is  that  of 
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insects.  So  oiir  first  task  must  lie  to  account  for  tlie 
existence  of  a  colour-sense  in  the  insect  eye,  and  to 
discover  what  were  the  ohjects  for  tlie  sake  of  which  this 
mode  of  perception  was  developed  ? 

Clearly  the  inor'janic  world  does  not  offer  ns  any  chance 
of  a  satisfactory  solution.  The  dull  clay  and  grey-bluo 
rocks  have  none  of  the  brilliancy  and  purity  which  is 
needed  as  the  ffroundwork  for  a  first  differential  stimula- 
tion. Such  complex  wave-systems  as  they  reflect  would 
•he  too  mixed,  too  confused,  too  indelinite,  too  variable  to 
afl'ord  any  means  of  clear  recognition  by  an  early  half- 
developed  sense.  And  even  if  it  were  otherwise,  the 
insect  does  not  need  to  trouble  itself  about  the  chemical 
or  mineralogical  character  of  the  ground  upon  which  it 
crawls  or  alights.  A  few  rare  inorganic  bodies  do  indeed 
possess  the  requisite  simplicity  and  richness  for  the  sup- 
l)Osed  first  stimulus,  as  we  see  in  the  ruby,  the  emerald, 
the  sapphire,  and  the  topaz;  nay,  some  much  commoner 
substances,  such  as  red  sandstone  and  blue  granite,  are 
endowed  with  a  moderately  bright  and  pure  colour.  All 
these  bodies,  however,  lie  open  to  the  fatal  objection  that 
they  do  not  in  any  way  contribute  to  the  welfare  of  the 
insect  or  animal  which  looks  upon  them.  A  sense  highly 
developed  by  other  means  may  (as  we  see  in  the  savage 
or  barbarous  love  for  precious  stones)  be  agreeably  exercised 
upon  such  objects  ;  but  in  order  to  give  that  sense  its  first 
start,  some  direct  advantage  must  be  secured  by  the  new 
mode  of  discrimination,  either  in  the  pursuit  of  food,  the 
search  for  mates,  or  the  avoidance  of  enemies.  No  faculty 
can  possibly  be  originally  developed  for  the  sake  of  mere 
useless  exercise  upon  unessential  acts ;  although,  as  we 
shall  see  when  we  come  to  examine  the  aisthetic  value  of 
colour,  each  faculty,  when  once  fully  established,  admits 
of  immense  pleasurable  extension  by  being  dirjcted  to- 
wards such  secondary  ends. 

The  same  line  of  argument  ai)plies  to  those  occasional 
displays  of  colour  Mdiieli   are  due  to  transient  effects  of 
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«;nnli;-:lit,  tlivoiii^li  the  inediuiu  (if  a  rcfraruvG  vapour, 
l.ou"  before  tlie  first  insect  vision  hiarnt  to  discriminate 
lietween  red,  yellow,  and  blue,  tiio  various  rays  wliich  Ave 
(;all  by  those  names  poured  down  unnoticed  upon  tlie 
primeval  wurhl.  Tiuin,  as  now,  the  rainbow  scattcri'(l 
ten  thousand  colours  upon  the  dull  grey  clouds,  l)ut  no 
eye  drank  in  the  diverse  stimulation  from  its  gorgcjous 
undertones  of  melting  orang(;  and  exquisite  green.  Tiien, 
as  now,  the  sunset  crimsoned  the  west  with  dying  glory, 
and  bathed  the  horizon  in  Hoods  of  golden  light,  but 
no  living  thing  beheld  its  loveliness  or  revelled  in  its 
changeful  wealth.  Such  distant  and  exceptional  displays 
could  have  little  or  no  effect  upon  the  life  of  tiny  creatures 
tliat  picked  out  in  fear  and  trembling  a  precarious  liveli- 
hood amid  paLieozoic  forest  shades.  Even  our  own  nearest 
mammalian  relatives  seem  totally  unconcerned  with  regard 
t(»  the  magnificent  pictures  which  are  spread  nightly 
liefore  their  eyes  in  tropical  plains.  Indeed,  tlie  saviige 
niemliers  of  our  own  race,  or  even  the  stolid  peasantry 
(if  European  countries,  appear  to  notice  such  useless 
])henomena  with  little  curiosity  or  admiration.  Part  of 
our  business  in  this  work  will  be  to  trace  out  the  slow 
steps  by  which  the  love  of  bright-coloured  food  led  on  to 
the  choice  of  bright-coloured  mates ;  and  how  this  again 
brought  about  a  liking  for  bright  colours  in  general,  M-hich 
shows  itself  in  the  savage  predilection  for  brilliant  dyes 
and  glistening  pebbles;  till  at  last  the  whole  long  series 
culminates  in  that  intense  and  unselfish  eniovment  of  rich 
and  pure  tints  which  makes  civilised  man  linger  so  lovingly 
over  tlie  hues  (jf  sunset  and  the  myriad  shades  of  autumn. 
Hut  if  even  the  lower  types  of  humanity  are  little  stirred 
]iy  such  glowing  sights,  how  could  we  expect  the  humble 
insect  to  have  developed  a  new  sense  for  their  perception  ? 
Here,  as  elsewhere,  the  disinterested  affection  can  only  be 
reached  by  many  previous  steps  of  utilitarian  ])rogress. 

It  is  to  the  organic  world,  then,  the  insect's  practical 
W(3rld  of  food  and  prey,  that  we  must  look  for  the  first 
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(Icvt'l()])iiii!iil  of  tli(!  fMilour-scnso.  Tn  the  origin  of  flowers 
\\v,  shall  find  also  the  ori^nii  of  the  insect's  perception  ; 
anil  tln»nj^h  the  inipiiry  will  seem  nt  first  to  lead  us  rather 
far  alield  from  our  pro])er  path,  1  think  we  cannot  do  hettur 
than  steadily  set  to  work  at  unravelling  the  tangled  thread 
of  their  mutual  inihience.  In  order  to  do  so  effectively 
we  must  lirst  glance  at  the  condition  of  the  world  heforo 
flowers,  fruit,  or  colour-sense  had  yet  begun  the  lirst  stages 
of  their  reciprocal  existence. 

Ih'ongniart  long  ago  ])ointed  out  that  the  periods  of 
geological  vegetation  fall  into  three  nuiiii  divisions,  which 
he  called  tlie  reigns  of  acrogens,  of  gymnosperms,  and  of 
!uigiosi)erms.  Acrogens  are  plants  like  ferns  and  mosses, 
which  bear  no  fruits  or  flowers,  but  produce  their  young 
by  means  of  s]X)re3.  (lymnosporms  are  plants  like  pines 
and  firs,  "which  have  their  blossoms  and  seeds  in  dry  scaly 
cones.  Angiosperms  arc  true  flowering  plants,  often  bear- 
ing bright  bells  or  brilliant  clusters  of  bloom,  and  always 
having  their  seeds  enclosed  in  some  more  or  less  con- 
spicuous form  of  enveloping  fruit.  These  throe  kinds  of 
l)lants  succeeded  each  other  through  the  geological  series 
in  the  order  here  assigned  to  them — members  of  every 
class  still  surviving  on  our  earth,  but  outnumbered  anil 
overlived,  as  a  rule,  by  those  of  the  newer  and  more  suc- 
cessful classes. 

For  our  present  purpose,  however,  wc  might  say  more 
truly  that  the  great  epochs  of  vegetal  life  naturally  fall  under 
three  similar  heads — the  reign  of  llowerless  plants,  the  reign 
of  Avind-fertilised  flowering  plants,  and  the  reign  of  insect- 
fertilised  flowering  plants.^  These  three  heads  correspcuid 
in  the  main  with  ])rongniart's  divisions,  but  they  serve  to 
bring  more  clearly  into  prominence  the  salient  functional 
facts  with  which  we  are  here  especially  concerned. 

Flowerless  plants,  or  cryptogams,  are  those  which  have 

'  See  an  excellent  article  on  "The    in  the  "Popular  Science  Huvicw"  for 
Oeological  Anti<iuity  of  Insects  and    January  1878. 
Flowers,"  by  Mr.  J.  E.  Taylor,  F.G.S., 
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no  foiisjiicnous  oruMiis  tor  tlic  jiroduction  (tf  seels  ov  fniit<. 
Tli(!ir  (iliief  varieties  are  known  to  all  as  finii^l,  sea-weeds, 
riKtssos,  and  ferns.  Flowerinif  ]>lants,  or  |)lianero<fanis,  aro 
those  which  possess  m(»re  or  less  conspicuous  organs  I'or 
the  production  of  seeds  and  fruits.  They  nuiy  be  divided, 
not  structurally  Imt  functionally,  into  two  ;^n'cat  suli- 
classcs — the  ancinoi)liilons  and  the  entonioplijlons.  Ani;- 
niojihilnus  plants  include  all  species  in  which  the  pollen 
of  the  malt!  llowc^r  is  wafted  to  the  stii^rnia  of  the  ftunale 
llowor  l>y  means  of  the  wind.  Entomophilous  plants 
include  all  sj)ecies  in  which  the  pollen  is  carried  to  the 
8ti;j;ma  upon  the  head,  legs,  or  bodies  of  insects.  Each  of 
these  classes  possesses  numerous  species  in  which  various 
modifications  have  been  produced  to  aid  fci-lilisatiou  by 
the  appropriate  means.  Some  of  these  modifications  wci 
shall  examine  as  we  proceed;  for  others,  the  inrpiirer  must, 
be  referred  to  special  works  upon  the  subject.^ 

In  the  great  forests  of  the  Carboniferous  era  few  or  no 
flowers  diversified  the  unbroken  green  of  the  prinun-al 
world.  Almost  all  the  plants  which  raised  their  heads 
above  the  dark  mould  of  those  forgotten  deltas  were  acro- 
gcns  or  other  cryptogams.  Like  the  ferns  and  mosses  of 
our  own  epoch,  they  reproduced  tlieir  kind,  not  by  means 
of  llowers  ami  seeds,  but  by  inconspicuous  little  sporc-^,  each 
of  which  rooted  itself  on  the  ground  independently,  and 
grew  into  a  young  plant.  IMany  of  them  resembled  the 
l)ristling  horse-tails  of  modern  waste  lands,  niagnilied  a 
liundred-fold,  so  as  to  present  the  appearance  of  hug(> 
jointed  trees,  to  which  g(Kjlogists  have  given  the  name  of 
calamites.  Others  were  rather  the  gigantic  analogues  of 
our  creeping  club-mosses,  with  monstrous  thickened  stalks, 
clad  in  a  sort  of  plated  armour,  ami  known  to  science  as 
fi<lillari(v,  Icpido'fcndra,  and  halonicc.  Yet  other;:,  again, 
grew  like  the    tree-ferns  of   our  latter-  .lay  tropics,  with 


'  See,  ill  particuliir,  Mr.  lljirwin  on  Flowers  in  their  lleliitioii  to  Insects," 
tlie  "Fertilisation  of  Orchids,"  Sir  iuul  the  works  of  Sprengcl,  Delpino, 
John    Lubbock    on    "British    Wild    and  H.  MiiUor. 
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;,'riict'fnl  waviii;^'  fronds,  wliosi;  drlitrato  (nitliiio  is  still 
fiiillifiilly  jticscivt'il  on  tin;  Hut  surfiico  of  many  a  coiil- 
.siMnj.  iJul  union'f.st  tliotn  .ill  n(»t  a  ;sin<'l«'  l)ii'j;liL  l>lo.s.soni 
anywlici'c  (lisj)Iayt'(l  its  criMison  jictal.s  or  its  j^oIdcMi  bells; 
not  a  sinulc  I'luit  glcaiucil  nA  or  oranj^tj  anion};  tlu;  oni- 
lioucrin^  folia;;('.  (irt'on,  and  ^'reen.and  j,'reon  onoo  more  ; 
w  lierover  the  eye  of  an  imaginary  visitor  coukl  turn,  it 
W(tul(l  have  rustt'il  on  ont;  unbroken  sea  of  glisteninj» 
vurduic. 

A  fi;\v  phanero;^rains  there  were,  it  i.s  true,  anioni,'  this 
mass  of  cryptoj,'anilc  vegetation,  but  tiiey  bel(juged  entirely 
to  the  pine  and  cycad  families,  which  [;row  their  seed 
in  hard  scaly  cones,  and  would  never  bo  included  union^fst 
the  llowerinj^'  ])lant3  by  any  but  a  technical  botanist. 
Moreover,  as  their  blossoms  are  ,gre(.'n  ^vhen  young  and 
brown  when  rii)e,  they  woiild  form  little  oi-  no  exce])tion 
to  the  jn-evailiny  tints  of  the  palu'ozoic  world.  Even  if  a 
few  primitive  glasses  of  some  archaic  form  intermingled, 
as  is  possible,  with  the  mosses  and  liverworts  which  car- 
l)eted  the  ground  beneath  the  conifers,  the  tree-ferns,  and 
the  titanic  lycopodites,  yet  these  themselves  wouhl  bear 
their  seed  in  green  panicles  on  a  waving  stem,  and  would 
still  add  no  new  element  of  colour  to  the  one  monotonous 
field.  Xot  a  trace  of  anv  vegetal  organism  has  vet  been 
discovered  in  the  primary  rocks  to  which  we  can  even 
conjecturally  attribute  a  possible  tinge  of  red  or  orange, 
blue  or  yellow,  in  the  form  of  (lowers  or  fruit. 

Equally  unvaried,  no  doubt,  was  the  hue  of  the  articu- 
late creatures  which  fed  amid  those  green  jungles  of  tangled 
fern  and  cluh-moss,  A  few  seor})ion-like  insects,  an  occa- 
sional cockroach,  beetle,  or  other  uncanny  creej)ing  thing, 
may  still  be  detected  in  tlie  dehris  of  a  f(jrg(jtten  world ; 
but  no  trace  of  a  bee,  a  moth,  or  a  joyous  butterlly  can  bo 
discovered  in  these  earliest  ages  of  animal  life.  Scarlet 
berry  and  crimson  blossom,  gorgeous  bird  and  painted  in- 
sect, were  all  equally  absent  from  the  unvaried  panorama 
of  si'een  overhead  and  brown  beneath.  > 
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Such,  Nve  niiiy  s  pjtosi',  was  the  ufiK'ial  npjx'ariince  of  oiir 
f'iii'tli's  sui'fiicu  licfori'  till!  colour-sense  had  ^iveii  rise  lu  all 
the  diverse  wealth  of  liuij.s  uhieli  ,L;laddeii  the  woodland 
;iiiil  I  lie  meadow  for  ni(nlern  eyt'S.  I'irst  lu  he  developed 
aiMon,^'  the  brij^ht-colourcd  objects  (d'  the  uower  era  were 
the  brilliant  whorls  of  abortive  leaves  which  ordinary 
])eople  know  as  ilowers.  Their  oiigin  allbnls  us  the  key 
1(1  all  the  subscfjueut  evolution  both  of  ecdoured  organisms 
and  of  the  sense  where])y  they  are  i)erceived. 

The  transition  from  the  wholly  green  and  spore-bearing 
cryptogams  to  the  bright  hues  of  entomoj)hil(nis  blossoms 
was  through  the  internuHliato  sliigc  of  anemophilous 
]»lants.  Already,  iii  the  Carboniferous  era  of  the  paheozoic 
M'orld,  we  have  seen  that  these  organisms  had  begun  to 
exist.  The  causes  which  led  to  their  development  throw 
so  much  light  upon  the  subsequent  evolution  of  insect- 
fertilised  species,  that  we  must  ]iuuse  for  a  moment  to 
examine  the  history  of  their  first  appearance. 

J^very  individual  cryptogami-  plant  ju'otluces  spores  or 
young  individuals  by  its  own  unaided  generative  power. 
It  needs  no  co-operation  from  a  partner  of  a  dilferent  sex 
to  fertilise  the  embryo  germs  which  it  puts  forth.  True, 
a  male  and  a  female  element  may  always  be  discovered 
within  the  plant  itself;  but  their  occurrence  does  not  mili- 
tate against  the  general  statement  that  cryptogamic  repro- 
duction is  essentially  hermaphrodite  or  non-sexual  in  its 
character.  For  real  sexual  generation  consists  funda- 
mentally in  this,  that  two  independent  parents  combine 
to  produce  a  brood  of  young,  partaking  equally,  on  the 
average,  of  the  idiosyncrasies  of  each.  Xow,  ]\ir.  Darwin 
has  shown!  that  whenever  an  organism  is  the  result  of 
interaction  between  two  anterior  organisms,  it  possesses 
a  vigour,  a  plasticity,  and  a  hardiness  which  enable  it  to 
thrive  far  more  easily  than  any  similar  organism  resulting 
from  the  generative  action  of  a  single  parent.  Our  g'"!at 
teacher  has  proved   that  self-fertilised   Ilowers  produce 

1  Ou  "  Cross-Fertilisation,"  passim. 
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relatively  weak,  puny,  and  nnlicalthy  young ;  while  cross- 
fertilised  flowers  produce  relatively  strong,  hearty,  and 
vigorous  young.  The  general  principle  upon  which  tin's 
ellect  depends  has  been  exposed,  with  his  usual  luminous 
insight,  by  Mr.  Herbert  Spencer;^  but  unfortunately  its 
explanation  would  involve  too  many  wide  questions  of 
biological  theory  for  reproduction  here. 

If,  tlien,  by  any  special  combination  of  circumstances, 
it  should  happen  at  any  time  that  certain  plants  acquired 
tl  e  habit  of  fertilisin!--  the  female  element  in  one  individual 
by  the  male  element  of  another,  it  would  necessarily  re- 
suit  that  such  plants  would  produce  exceptionally  healthy 
youncf,  and  so  gain  unusual  advantages  for  their  descen- 
dants  in  the  struggle  for  life.  And  this  is  exactly  the 
case  with  ilowering  as  opposed  to  flowcrless  plants.  While 
the  latter  still  continue  to  fertilise  themselves  in  every 
insLance,  the  former  possess  a  special  set  of  male  and 
female  organs,  often  situated  on  different  individuals,  and 
almost  always  so  disposed  that  tlie  pollen  of  any  particular 
tlower  is  specially  prevented  from  quickening  the  ovules 
of  its  own  pistil.  Indeed,  the  very  effect  which  Mr. 
Darwin's  experiments  sbow  us  on  a  small  scale,  nature 
herself  here  shows  us  on  a  Lnge  scale;  for  when  once  the 
(lowering  plants  had  been  introduced  into  the  world,  their 
superior  vitality  gave  them  sucli  an  increased  chance  in 
the  struu;«de  for  life  that  thev  have  now  ovL'rrun  the  whole 
earth,  and  almost  lived  down  the  very  memory  of  their 
cryptogamic  predecessors,  M'hose  huge  forms  diversified  the 
landscape  of  a  palteozoic  wild.  Step  by  step,  throughout 
the  secondary  and  tertiary  ])criods,  wo  find  the  acrogens 
deci'casing  in  number  of  s[)ecies,  in  frequency  of  indivi- 
duals, in  size  and  height;  while  step  by  step  wo  find  the 
flowering  plants  dispossessing  them  over  the  whole  world, 
and  growing  into  more  and  more  varied  forms,  with  ever- 
increasing  numbers  and  ever-widenii'g  girth;  until  at  last 
forest  trees,  and  herbs,  and  grasses  cover  the  face  of  hill, 

^  rriiicijiles  of  IJiology,  viil.  i.  chnp.  x. 
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and  plain,  and  valley ;  while  only  in  a  few  tropical  junj^los, 
or  a  stray  patch  of  neglected  English  warren,  do  we  still 
discover  the  degenerate  descendants  of  tliose  giant  tree- 
ferns  and  horse-tails  which  flourislied  without  a  rival  over 
vast  continents  during  the  earlier  ages  of  vegetal  life. 

Aino!ig  these  flowering  plants,  which  thus  substituted 
the  sexual  for  the  hermaphrodite  nietliod  of  reproduction, 
the  anemophilous  or  wind-fertilised  division  was  the  first 
to  appear.  The  ever-moving  currents  of  air  naturally 
offer  the  earliest  and  simplest  agency  for  the  dispersion 
and  transference  of  pollen  from  the  stamens  of  one  blos- 
som to  the  pistil  of  another.  Accordingly  we  find  tlie 
pines  and  cycads,  both  of  which  bear  their  liowers  in  th(} 
form  of  cones  or  other  unnoticeablc  bunches  of  floral 
organs,  as  the  earliest  representatives  of  tlowering  plants. 
After  them,  in  geological  order,  come  the  monocotyledons, 
represented  by  grasses,  rushes,  and  other  s[iiky  siiecies, 
whose  blossoms  assume  the  shape  of  green  panicles  or 
waving  plumes ;  while,  last  of  all,  come  the  dicotyledons, 
whose  anemophilous  varieties  are  usually  distinguished  by 
those  pretty  lianging  clusters  of  stamens  or  pistils  which 
we  know  as  catkins.  Now,  in  all  these  cases,  the  mature 
male  organs,  covered  with  the  fertilising  pollen,  necessarily 
protrude  from  the  scales,  sheathes,  or  glum  ^s  which  guard 
tlunr  younger  stage,  and  offer  large  surface  .  to  the  M'ind, 
whose  aid  they  re(i[uire  in  the  dispersion  of  their  stores. 
Similarly,  the  pistils  or  female  organs  must  possess  spread- 
ing and  feathery  stigmatic  processes,  wherewith  to  catch 
any  str;iy  grains  of  pollen  which  the  uncon^'--('ious  wind 
may  waft  to  their  neighbourhood.  Hence  these  blossoms 
consist  usually  of  bundles  or  masses  of  male  and  femah; 
organs,  lianging  out  in  such  a  way  as  to  secure  the  favour 
of  every  passing  l)reeze;  but  they  never  possess  thos(> 
bright  whorls  of  coloured  leaves  which  make  up  the  popular 
idea  of  a  flower.  The  latter  notion  is  mainly  based  upon 
the  peculiar  structure  of  entomophilous  plants. 

As  wind-fertilised  flowers  can  only  hope  that  a  small 
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fraction  of  their  pollen  will  reach  the  stigmatic  surface 
of  their  brides,  and  there  be  drunk  in  to  fertilise  the  em- 
bryo within,  they  must  needs  produce  enormous  quan- 
tities of  useless  material,  to  be  dissipated  by  the  storm  in 
every  direction.  The  amount  of  pollen  thus  wasted  is 
often  incredibly  great.  The  iloor  of  a  pine  forest  during 
the  flowering  season  frequently  lies  thickly  covered  with 
the  rich  yellow  dust  that  cost  so  much  useless  energy  to 
the  parent  plant.  Occasionally  even  showers  of  pollen 
grains  have  bo'en  noted  in  the  neighbourhood  of  great 
forests  or  of  fields  thickly  sown  with  anemophilous  spe- 
cies. At  Mumbles,  near  Swansea,  a  yellow-coloured  rain 
fell  in  1850,  and  left  large  spots  of  ochre-like  matter, 
which  proved  on  close  examination  to  consist  of  willow- 
pollen.^  Similar  showers,  produced  by  the  Canadian 
conifers,  have  often  been  observed  along  the  shore  of  the 
great  lakes,  and  others  have  taken  place  in  Zurich,  in 
Brunswick,  and  in  Inverness-shire.  Of  course,  tlie  loss 
of  energy  which  this  waste  expenditure  involves  for  the 
parent  plant  must  necessarily  be  very  great ;  and  any 
chaiige  in  its  circumstances  which  produced  a  more  econo- 
mical mode  of  applying  the  polhm  to  the  pistil  would 
naturally  result  in  a  saving  of  material,  and  so  give 
the  plants  in  which  it  occurred  a  fresh  advantage  over 
their  less  fortunate  compeers.  Such  a  change  we  see 
in  the  utilisation  of  insect  agency  by  the  entomophilous 
plants. 

Even  as  early  as  the  Carboniferous  period  we  hnd  traces 
of  terrestrial  articulates  which  might  have  sought  their 
food  among  the  few  coniferous  blossoms  of  that  mainly 
ilowerless  world.  IMost  of  the  plants  about  them  were 
hard,  scaly,  innutritions  acrogens,  whose  stem  and  leaves 
contained  large  quantities  of  silica,  as  we  still  see  to  be 
the  case  in  the  horse-tail  family,  their  nearest  modern 
f  Hies.  But  the  stray  flowering  species  which  grew  at 
rare  intervals  in  the  midst  of  the  calamites  and  lepido- 

'  Biilfoui's  Class-Ilook  of  IJotaiiy,  p.  562, 
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dendra  must  have  offered  special  attractions  to  insects 
(or  their  undifferentiated  ancestors)  in  the  shape  of  soft, 
edible,  nutritious  pollen.  And  as  the  insects  travelled 
from  one  flower  to  another,  carrying  on  their  legs  or  heads 
the  fertilising  powder,  they  would  supply  the  plant  with 
a  cheaper  and  more  certain  means  of  impregnation  than 
that  afforded  by  the  wasteful  wind.  Accordingly,  any 
])iants  which  offered  special  advantages  to  insects,  in  tlio 
shape  of  pollen,  sweet  juices,  or  soft  edible  matter,  would 
thus  obtain  an  extra  chance  in  the  general  competition 
fur  a  share  of  the  earth's  surface,  and  hand  down  the 
peculiarity  to  an  ever-increasing  brood  of  descendants. 
So,  when  once  the  entomophilous  flora  began  to  exist,  it 
gained  ground  rapidly  on  the  anemophilous  division,  as 
the  anemophilous  flora  had  previously  gained  ground  on 
the  flowerless  plants,  until  in  our  own  day  the  two  divi- 
sions divide  the  world  between  them ;  while  in  the  future, 
doubtless,  the  balance  will  be  still  further  disturbed  in 
favour  of  the  younger  and  more  vigorous  races.^ 

Of  course,  the  change  from  fertilisation  by  wind  to 
fertilisation  by  insects  could  not  be  accomplished  without 
many  structural  modifications,  whereby  the  flower  became 
adapted  to  the  new  and  more  specialised  agency  thus 
allbi'ded  it.  Some  of  these  modifications  were  ccyucerned 
with  the  food  offered  by  the  flower  to  the  fertilising 
insect.  At  first  this  food  doubtless  consisted  of  pollen 
alone,  but  after  a  time  there  was  added  that  sweet  matter 
known  as  sugar  or  honey,  which  is  contained  more  or  less 
in  most  plants,  and  which  is  especially  developed  during 
the  two  processes  of  ilowering  and  fruiting.  Now  sugar, 
])y  its  crvstallinc  condition,  so  rare  amonu;st  eneruv-yield- 
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1  Tiie  botanical  critic  noed  liiinlly 
1)0  told  that  I  am  here  intentionally 
neglectiii};  tho  more  deej)-. seated 
ilruclural  difTerenccs,  whicli  depend 
upon  the  line  of  descent,  and  con- 
(ii(lerini«  only  the  superlicial  func- 
ti"nal  ditrerences,  which  depend  upon 


adaptive  accident.  The  general  reader 
would  only  be  confuseil  by  constant 
references  to  the  cross-division  of 
monocotyledons  and  dicotyledons, 
especially  wlien  comi)licatod  by  tho 
peculiar  geolo^'icul  positiou  of  the 
gymnosperms. 
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iiig  organic  products,  seems  specially  adapted  for  afford- 
ing pleasurable  stimulation  to  the  gustatory  nerves  of 
animals  ;i  and  it  has  therefore  been  stored  up  by  plants 
in  all  those  cases  where  the  attraction  of  some  animal 
ally  is  desirable  for  their  protection  or  tlie  continuance  of 
tlieir  species.  Certain  plants  lay  it  by  in  glands  upon 
their  stems  to  allure  the  harmless  ants  who  protect  them 
from  the  ravages  of  their  leaf-cutting  congencrs.2  Others, 
again,  as  wo  shall  see  in  a  later  cliapter,  collect  it  in  the 
pulpy  covering  of  their  seed-vessels,  and  thus  induce 
parrots,  pigeons,  or  monkeys  to  devour  and  distribute  the 
undigested  kernel.  Yet  others  distil  it  in  the  recesses  of 
tlieir  blossoms,  and  so  tempt  the  bee,  the  butterfly,  or  the 
humming-bird  to  rifle  their  labyrinthine  storehouses,  and 
unconsciously  aid  in  the  impregnation  of  their  embryos. 
The  honey  tlius  elaborated  by  the  iiower  has  become  at 
last  the  main  ultimate  attraction  for  all  fertilisinfr  insects, 
wliose  most  specialised  forms  we  find  in  the  common  hive- 
bees  of  domestic  economy. 

A  second  class  of  modifications  is  connected  with  the 
shape  of  the  flower.  ]\[ost  entomophilous  blossoms  pos- 
sess, in  addition  to  the  pistil  and  the  stamens,  two  other 
whorls  of  floral  leaves — the  corolla  and  the  calyx.  In  the 
simplest  form  of  flower,  these  whorls  consist  of  separate 
leaves  (petals  and  sepals),  as  we  see  in  the  buttercup  or  the 
dog-rose.  lUit  in  certain  more  specialised  flowers  the  long- 
continued  action  of  the  insect-fertilisers  has  unconsciously 
selected  those  blossoms  wliich  most  easily  suited  them- 
selves to  the  form  of  tlieir  visitor,  and  has  thus  jiroduced 
a  united  corolla,  all  whose  petals  are  joined  into  a  regular 
tube  or  cup,  as  we  see  in  the  Canterbury  bell,  the  con- 
volvulus, and  tlie  lily  of  the  valley.  A  number  of  these 
tubular  Howers  united  form  tlie  head  of  the  daisy,  the 
marigold,  and  the  sunflower.  In  still  more  specialised 
cases  the  cup  becomes  irregularly  lobed,  so  as  to  suit  still 
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more  closely  the  shape  of  its  insect  fiieiid — a  change 
whose  first  steps  we  see  in  honeysuckle  and  foxglove, 
while  its  completed  stage  is  shown  in  mint,  dead-nettle, 
snapdragon,  lobelia,  and  orchids.  All  these  varieties  of 
entomophilous  flowers  we  shall  have  to  examine  at  greater 
length  hereafter. 

But  the  third  class  of  modifications,  the  important  class 
for  our  present  subject,  is  that  which  refers  to  the  colouring 
of  flowers.  By  far  the  most  conspicuous  difference  between 
entomophilous  and  anemophilous  blossoms  is  the  difference 
of  colour.  While  wind-fertilised  plants  have  seldom  more 
than  a  few  brownish  scales  or  tiny  green  sepals  around 
their  fructifying  organs,  insect-fertilised  plants  are  almost 
always  distinguished  by  the  growth  of  large,  brilliantly- 
coloured  petals  outside  the  essential  whorls,  which  act  as 
guides  and  allurements  to  the  eyes  of  bees  or  butter- 
flies. These  wide,  expanded,  and  costly  structures  have 
absolutely  no  other  j)urpose  in  the  vegetal  economy  than 
that  of  attracting  the  fertilising  agents ;  and  they  afford 
by  themselves  a  strong  presumption  of  developetl  colour- 
sense  in  the  creatures  for  whose  guidance  they  have  been 
slowly  evolved.  Let  us  see  by  what  steps  they  can  gradu- 
ally ha\  e  reached  their  present  conspicuous  dimensions. 

AVe  will  sup})ose  that  some  of  the  flowering  plants  in 
the  early  ages  of  the  world  showed  some  slight  tendency 
to  develop  the  various  attractive  structures  which  we 
now  observe  in  their  completed  form.  They  offered  to 
iusects  the  soft  and  nourishing  pollen,  and  jjcrhaps,  too, 
small  quantities  of  stinndatiug  saccharine  nuitter.  Such 
sacchai'ine  matter  we  know  is  always  evolved  during  the 
opening  of  flowers,  at  least  in  small  amounts,  for  the 
nurture  of  the  blossom  itself;  and  there  is  nothing  extra- 
vagant  in  the  supposition  that  occasional  individuals  might 
produce  it  in  more  than  the  average  quantity,  and  so  might 
attract  more  than  the  average  share  of  insect  attention. 
In  like  manner  they  may  possibly  have  shown  a  tendency 
to  develop  bright-coloured  leaves  around  their  essential 
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organs ;  and  if  the  eyes  of  insects  were  capable  of  distin- 
guishing these  bright  colours,  in  however  imperfect  a 
degree,  it  would  naturally  follow  that  the  hues  would  go 
on  deepening  from  generation  to  generation  among  the 
"I)lants,  while  the  perception  would  go  on  sharpening  itself 
from  generation  to  generation  among  the  insects.  For 
M'ltile  tlie  flowers  which  thus  become  more  and  more 
readily  distinguishable  l)y  their  fertilisers  woidd  thereby 
better  secure  the  chance  of  descendants,  the  insects  which 
most  readily  distinguished  flowers  would  thereby  secure 
for  tliemsfdves  the  greatest  amount  of  the  available  food- 
stores.  So  that,  supposing  such  a  tendency  once  set  up 
on  either  side,  we  can  see  every  reason  why  it  should 
ultimately  develop  to  its  present  noticeable  extent. 

Tiiis,  however,  is  mere  a  priori  hypothesis.  The  experi- 
mental philosopher  will  ask  at  once  whether  Me  have  any 
grounds  for  believing  that  the  tendency  in  point  would 
ever  be  set  up.  I  thiidc  we  have  such  grounds  in  abun- 
dance, and  although  the  question  involves  a  little  closer 
application  and  more  technical  considerations  than  any  we 
liave  yet  encountered,  I  shall  ask  the  reader  patiently  to 
follow  me  through  the  exposition,  because  it  really  encloses 
the  whole  fundamental  basis  of  the  developed  colour-sense 
in  every  terrestrial  animal.  The  point  which  we  have  first 
to  consider  is  this :  Did  flowers  show  an  original  tendency 
to  the  production  of  coloured  adjuncts  prior  to  tiie  selec- 
tive action  of  insects  ?  And  when  we  have  answered  that 
(piestion  we  must  proceed  to  the  second  one  :  Did  insects 
])ossess  any  tendency  vaguely  to  discriminate  colours 
apart  from  the  reactive  influence  of  entomophilous 
flowers  ? 

The  solar  radiations,  falling  upon  the  green  portions 
of  plants,  are  the  sole  ultimate  source  of  all  the  energy 
existing  in  the  animal  or  vegetal  organism.  Under  their 
influence,  the  plant  separates  carbon  and  hydrogen  from 
the  oxygen  with  which  they  were  originally  combined, 
stores  them  up  in  some  part  of  its  own  tissues,  and  turns 
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the  free  oxygen  adrift  upon  the  atmosphere  around.  In 
this  process,  the  kinetic  or  active  eueriiv  of  the  sohir 
undulations  has  assumed  the  potential  or  dormant  form. 
The  potential  energy  thus  laid  up  is  associated  with  tlie 
Carbon  and  hydrogen  of  the  plant  on  the  one  hand,  and 
with  the  free  oxygen  of  the  atmosphere  on  the  other. 
Whenever  they  may  recombine,  the  dormant  energy  will 
assume  once  more  the  active  form,  and  ho  yielded  up  in 
the  shape  of  mechanical  motion,  heat,  or  liglit. 

This  reconversion  of  contained  energy  into  its  mobile 
mode  may  be  brought  about  in  many  ways.  Sometimes 
the  plant  may  be  cut  down  and  burnt,  as  we  all  see  in 
wood-fires,  and  then  the  energy  will  be  given  out  ra[)idly 
as  heat  and  light,  while  part  of  it  will  also  go  off  as  motion 
of  the  surrounding  air.  Sometimes  the  plant  may  fall  as 
it  lies,  be  changed  into  peat  or  coal,  and  finally  burnt,  like 
the  wood,  in  a  human  grate,  with  the  same  concomitant 
phenomena  as  in  the  first  case.  Sometimes,  too,  these 
same  materials — wood,  coal,  peat — may  be  used  to  feed  a 
steam-engine,  and  mainly  converted  into  visible  move- 
ments of  the  locomotive  or  its  parts,  which  are  finally 
dissipated  by  friction  into  the  circumambient  a'tlier.  In 
yet  other  cases,  the  plant  may  be  eaten  by  an  animal,  and 
then  its  elements  wall  recombine  within  Ins  body  with 
the  free  oxygen  supplied  by  his  lungs  or  gills,  and  will 
give  off  heat  and  motion,  less  conspicuously  perhaps,  but 
quite  as  truly  as  in  the  engine.  There  remains,  however, 
another  instance,  fully  as  common  as  these,  yet  far  less 
generally  observed — the  instance  in  which  the  elements 
recombine  in  the  tissues  of  the  living  plant,  and  yield  np 
their  dormant  energies  in  producing  growth,  development, 
and  rearrangement  of  its  parts.  This  metamorphosis  of 
energy  (known  as  Stojfivcchscl  or  Metastasis)  actually  takes 
place  in  every  active  portion  of  a  plant  which  does  not 
itself  assimilate  nutritive  material  from  the  surrounding 
air.  And  all  such  parts  of  plants  may  be  considered  as 
rariying  on  essentially  animal  functions — that  is  to  say, 
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I'linetioiis  by  wliicli  potcnlial  energy  becomes  kincti!, 
oxygen  unites  with  ciirljon  to  form  carbonic  anhydride, 
heat  is  evolved,  and  motion  is  given  out. 

The  most  noticeable  cases  of  such  quasi-animal  processes 
may  be  seen  in  the  germination  of  seeds,  the  growth  of 
bulbs  and  tubers,  the  unfolding  of  llowers,  and  the  ripening 
of  fruits.  In  fact,  every  growing  and  active  part  of  a 
])lant,  unless  it  be  itself  assimilating  kinetic  energy  from 
solar  undulations,  must  necessarily  be  using  up  energies 
assimilated  elsewhere.  Otherwise,  it  w'ould  be  manufac- 
turing new  energies  for  itself  out  of  nothing,  which  we 
know  to  be  impossible,  and  inconceivable  as  a  direct  cou- 
ti.iveiition  of  all  physical  and  mental  laws. 

Now,  the  active  agent  of  deoxidalion  in  ordinary  plants 
is  that  p3culiur  compound  substance  known  as  chlorophyll, 
the  pigment  which  gives  a  green  colour  to  healthy  leaves. 
Hince  all  the  active  organs  of  plants  are  usually  green  in 
hue,  because  the  chloropiiyll  is  ocen  through  the  transparent 
cell-M-alls  of  the  epidermis.  But  there  are  reasons  for 
i)elieving  that  wherever  the  reverse  process  of  metastasis 
is  taking  place,  other  bodies  are  frequently  formed,  which 
reflect  the  light  in  slightly  different  manners,  and  so  give 
)'ise  to  tints  of  red,  orange,  yellow,  pink,  mauve,  purple,  or 
blue.  We  will  examine  the  evidence  in  order,  and  see 
whether  we  can  gather  from  it  any  inference  as  to  the 
origin  of  coloured  flowers.^ 

In  the  iirst  place,  even  in  active  leaves,  the  presence  of 
green  chlorophyll  is  often  masked  by  the  occurrence  of 
other  pigments,  which  give  the  foliage  a  tinge  of  brown, 
russet,  scarlet,  or  golden  yellow.     Cases  of  this  sort  are 


'  In  the  succeeding  argument  I  have 
neglected  for  awhile  the  difiicultcliem- 
ici'lques^iion  of  the  relation:;  betwe^Mi 
chhiopliiiU,  or.anthopln/ll,  cr}ithv')])hyll, 
and  tue  other  colouriiig  matters  of 
plants  (see  Sorby  in  Proc  Royai 
Soc,  vol.  XV.  J).  433,  and  vol.  xxi. 
p.  442 ;  also  in  the  English  version 
«f   Sach's  Text-Book   of  Botan^ ,  p. 


6''56),  because  the  results  hitherto 
ij'ac'ied  are  still  so.iewhat  indefiriito, 
a'ld  because  the  consideration  of  t'le 
ciieniical  ch.mges  involved  is  better 
relegated  to  the  end  of  the  i.hysical 
and  physiological  inquiry,  upon  wliich 
we  vcwxr.  now  enter.  A  fuller  state- 
ment on  this  point  will  be  foi'  id  on 
a  later  i)age. 
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commonly  ku!)V,u  in  (lie  copper  beeeli,  Ihe  rod  ctililKij^i', 
.111(1  tlie  various  species  uf  puri)le  coleiis,  criiusoii-liciirU'il 
cukulium,  pink  dracicua,  or  pale  mauve  l)e;^'onia.  licit! 
llie  colouring  matter  doubtless  beloiij^s  to  sonu!  oiu;  amon^' 
tlie  many  by-products  of  vegetal  physiology,  ^vhicll  must 
necessarily  occur  from  time  to  time  in  one  part  or  another 
as  the  results  of  assimilative  or  metastatic  changes.  IJut 
in  the  more  noticeable  cases  of  coloured  juices  or  pig- 
ments, other  than  green,  we  shall  find  that  the  special 
colouring  matter  is  almost  always  more  or  less  connected 
with  those  portions  of  the  plant  where  enei'gy  is  being 
liberated,  and  where  accordingly  oxidation  is  necessarily 
taking  iilace.^ 

Tlie  only  class  of  plants  in  which  green  rarely — wo 
niiu'ht  almost  sav  never — occurs,  is  that  of  fungi.  But 
fungi  differ  from  all  other  plants  (except  a  few  parasites 
and  saprophytes)  and  agree  with  animals  in  this,  tluit 
they  derive  their  energies  not  directly  from  solar  undula- 
tions, but  from  organised  matter  already  contained  in  the 
t;oil  or  nuitrix  on  which  they  grow.  And  there  is  some- 
thing in  the  vivid  orange,  yellow,  lilac,  and  crimson  of 
their  hues,  as  well  as  in  the  pasty  whiteness  of  their 
common  tissues,  which  strikingly  recalls  the  possibly 
adventitious  colouring  of  the  lower  animal  forms,  such  as 
sea-anemones,  starfish,  and  medusaj.  This  analogy,  as  we 
shall  note  hereafter,  is  not  without  a  deep  significance  for 
our  present  purpose.- 

When,  however,  we  go  on  to  those  plants  which  have 
normally  green  leaves,  we  see  a  like  result.  In  the  first 
place,  dying  leaves,  as  we  all  know,  assume  the  most  bril- 

^  Seoontlio  wliolppniccssof  metas-  &c.     A  botanical  work  ■which  shoiild 

tasis,  Sach'a  "Text-15ook  of  Botiiiij',"  extend   to    the   jihint   organism   tho 

j>.   626,  scq.      U   is  to  be  regretted  same  stiictly  jjhysical  treatment  as 

that  tlie  antlior   of    this   otherwise  Hermann's  "  Pliysiology "  applies  to 

luoid    and    valuable    book    has    not  tlie  animal  organism  is  still  a  desider- 

brought    more      prominently      into  atum. 

notice  the  question  of  the  energies  '■'  See   also   Sorby,    in    Proc.   Eoy. 

involved,  and    the    transformations  Soc,  vol.  xxi.  pp.  475-480, 
which  they  undergo,  by  oxidation. 
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liant  tints  of  red,  yellow,  oranj^o,  and  Lvown.  Even  in 
our  own  damp  and  uncertain  eliniate,  tlic  Virginia  creeiKU* 
i^dows  witli  llu!  richest  criin?on,  while  the  forest  trees 
shade  oCI'  into  delicate  tones  (jf  golden  gloss  and  occasional 
Hashes  of  deep  scarlet  liyht.  lUit  in  American  wood- 
lands tliese  displays  assume  grander  dimensions  and  ino)'(! 
glorious  l)oauties,  forming  perhai)S  the  most  magnifleont 
fields  of  g(n"geous  colour  in  tlie  whole  organic  worhi. 
Now,  Macairc-Princep  lias  shown,^  that  as  leaves  begin  to 
turn  yellow  they  give  up  the  function  of  deoxidation, 
while  a  reverse  process  at  once  sets  in.  ^Vfr.  Sorhy  traces 
the  gradiuil  loss  of  vitality  in  the  fading  leaf  from  bright 
green  through  greenish-brown,  red,  scarlet,  and  orange- 
brown  to  the  final  dull  and  dingy  hue  of  the  dry  leaf.''^ 
That  this  change  results  from  some  degradation  of  cneruv, 
in  whatever  component  of  the  leaf  it  may  take  place,  is 
beyond  all  doubt.'' 

Any  injury  to  leaves  causes  similar  eficcts,  whether  due 
to  disease,  external  impact,  or  the  attacks  of  insects.  Call- 
nuts  and  rose-blights  have  generally  an  outer  coating  of 
small  reddish  excrescences,  while  feeble  plants  prochuio 
yellow-spotted  or  pink-speckled  leaves.  Here,  too,  oxida- 
tion,  or  some  other  de-energising  action,  is  most  probably 
the  cause  of  the  change  observed. 

Leaves  which  have  given  up  their  natural  functions 
frecpiently  assume  bright  hues.  Thus  the  pitchers  of  the 
side-saddle  ilower  {Sarraccnla  ruhva)  have  purple  tips."* 
Those  oJ  the  pitcher-plant  {Nepenthe)  are  ■'  tinted  and 
mottled  with  red  and  purple."^  The  leaves  of  the  curious 
insectivorous  plants,  with  whoso  habits  '\h\  Darwin  has 
made  us  so  familiar,  are  apt  to  be  speckled  with  similar 
hues,  cs])(3clally  in  the  active  j)ortions,  which  show,  by 


1 


'  Mum.  lie  la  Sociute  Pliys.  cfc 
(VHist.  Nat.,  (le  Gcnevo,  iv.  43. 

-  UOi  Kti lira,  iiml  "Nature,"  Janu- 
ary 19.  187 1. 

•*  Quarterly  Journal  of  Science, 
1871,  p.  64,  ami  1873,  p.  451. 


•*  Sec  tlio  figure  in  Sir  W.  Hooker's 
"Flora  Exotica,"'  pi.  13. 

5  Wallace,  "  Mal.iy 'Arthipelajjo," 
p.  81. 
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tlu'ir  movcinonts  ami  secretions,  soni(>  npinoacli  to  aiiiiiial 
I'liiictioiis.  'riMi  conuiiou  Kii^lisli  sundew  (Drot^rrn  vnhni- 
(llfoliti),  wliicli  may  he  found  in  all  bofiLjy  or  pciaty  places, 
lias  briiilit  red  glands  scattered  over  its  leaves,  Tln' 
Venus  Hy-trap  {Dioaan  mnMipithf)  is  "thickly  covered 
with  minute  _ij;lands  of  a  reddish  or  ])urplish  colour,"  while 
the  si)ikes  which  close  u])oii  tlu!  insect  prey  hav((  sniiill 
projections  described  as  "  reddish-brown  or  orange."  Like; 
organs  in  Droaopliyllum  Insifnnicnvi  are  bright  pink,  and 
in  Pinf/iiicitla  lusitaiiiva  purple.^  Our  own  cntnmon 
butterwort  and  saxifrage,  which  share  to  a  less  extent  tho 
same  jjeculiarity,  have  also  slightly  reddish  or  yellowish 
foliage. 

Tarasites  which  live  upon  the  energetic  matter  stored 
up  by  other  plants  fall  obviously  under  the  same  class. 
Tlieir  whole  existence  consists  in  a  continuous  metastasis, 
that  is  to  say,  in  the  expenditure  and  liberation  of  pre- 
viously accumulated  nutriment,  under  the  iulluence  of 
oxidation.  The  common  European  broom-rapes  {Ovo- 
h(inchc)  have  no  green  leaves,  l)ut  merely  pink,  purple, 
brown,  yellow,  blue,  or  rose-coloured  scales  and  flowers. 
Ciitiiut^  hypocidis,  which  grows  parasitically  on  the  roots 
of  the  Cisfns,  has  a  bright  orange  stem  and  leaves.  The 
common  English  dodder  is  noticeable  for  its  pretty  twining 
red  iilaments,  while  its  Indian  congeners  display  brilliant 
liiuiging  Tuasses  of  golden  threads.-  In  fact,  almost  all 
true  and  perfect  parasites  are  remarkable  for  the  absence 
of  green  and  the  presence  of  other  bright  hues.  Of  course, 
luauy  ])lants  usually  included  under  that  name,  like  the 
niisUetoe  family,  have  foliage  of  the  ordinary  colour;  but 
these  are  in  reality  only  half-parasitical,  a  kind  of  step- 
ping-stone between  the  epiphytic  plants  (orchids  and 
bromclias)  and  the  thorough-going  parasites,  such  as 
JiaJ/lesia.     To  the  very  end,  indeed,  the  degraded  leaves 

^  For  Dronaru,  sco  Darwin,    "In-    Drosopliyllam,  p.  333;  and  fur  7'//;- 
sectivorouH  Plants,"  or  any  Enj^liwh    'jnicufa.  p.  391. 
Dioor;  for  Diuiuc  t.  ibid.,  p.  287;  for        ■'  Hooker,  Himalayan  Journal,  pp. 

2S,  38. 
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or  HCdli'.s  uf  llowcrin;,'  pluiits  contiilri  sonio  traces  of  chloro- 
Iiliyll,'  which,  li(j\vevt'r,  liki;  iho  loiivr.s  thciiisflvcs,  must, 
hu  r(';^;ii'(h'il  ji.s  iMcit;  olisoUj.sccdit  iclics  oT  tlicir  earlhir 
statu.  iL  .shoiiM  iilso  bu  noticed  in  iiiissii);^,  tliiit  many 
parasites,  like  linjllr.^ia  and  llijdmirii,  have  exceptionally 
lar^M3  and  lirilliant  lloweis.  The  hlossoni  of  R.  ArnoUli 
suiui'tinies  measures  three  feet  in  diameter. 

Still  more  noticeable  in  hue  are  the  plants  known  a.s 
saprophytes,  which  live  like  fungi  on  the  decaying  matter 
contained  in  dead  foliage  or  other  organic  remains.  These, 
too,  have  no  real  assimilative  leaves,  while  their  functions 
are  purely  animal,  consisting  in  the  absorption  of  oxygen 
and  the  expenditure  of  previously  accunuilated  energies. 
The  Indian-pipe  i)lant  of  Canada  (Monotropa  unijiora) 
has  a  pure  white  scaly  stem  and  flower,"  exactly  re- 
sembling a  fungus  to  the  untrained  eye;  it  grows  under 
the  shade  of  \nv  ,  forests,  amid  the  rich  lUhri^i  of  their 
pollen  and  their  fallen  foliage.  The  beautiful  Ncutt'ia 
apcviosa  has  a  scape  and  rudimentary  leaves  of  bright 
scarlet.  CundlorJuza  and  many  other  sa]»rophytes  are 
equally  remarkable  for  their  exquisitely  coloured  scales. 
It  is  true  that  several,  if  not  all,  of  these  phmts  contain 
small  quantities  of  chlorophyll  or  xanthophyll;-*  but  here 
again,  we  must  regard  the  jjignient  as  a  mere  remnant 
of  earlier  ancestors  ;  ^vhile  the  plant,  as  a  whole,  mainly 
consists  of  metastatic  materials,  or,  in  other  words,  of 
oxidation  products. 

The  resemblance  which  both  parasites  and  saprophytes 
bear  to  fungi  is  certainly  remarkable  when  we  remember 
their  close  community  of  nature  and  function.  All  alike 
live  upon  previously  organised  material,  and  dl  have  the 
same  llabby,  succulent,  pulj)y  appearance.  The  Indian- 
pipe  i)lant  is  always  described  by  Canadian  farmers  as  "a 
kind  of  toadstool ; "  the  liajjlesia  is  noted  for  its  f ungoiil 

1  Wicsncr,  Botan.  Zrituiig,  1871,  as  diffpring  from  green,  must,  of 
P-  37)  (luoted  in  Sachs,  643.  course,  be  accounted  a  colo^  -, 

-  Foi"  our  present  purpose,  wliite,        ••  Oscar  Drude,  "Biolojt'e  von  Mo- 

notropa,"  &c.,  Giittingen,  1873. 
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look  and  animal  odour;  tlio  Ci//uiiis  exhales  a  meaty 
11  ivour ;  and  tlie  Ci/noniorlitui  riirn'neniii  \^  known  lo 
dru^'.uists  l»y  tlio  technical  name  oF  Fidii/hs  iin/ifi usis  or 
Malta  mu.shroom.  J'uttini^  thest;  facts  by  the  sid<!  of 
their  very  sindlar  colouration,  wo  are  not  unnaturally  hid 
lo  ex]tect  SOUK!  causal  (lonnectioii  such  as  that  of  which 
w'c.  are  now  in  search.  Let  us  jiass  on  to  (jther  coloured 
]iortionsof  ordinary  plants,  whi(di  may  throw  a  little  nioi'c 
li;^ht  ui)on  the  ([uestion  at  issue. 

Iiuds  contain  enerj^aftic  material,  stored  ui>  hy  the  ])lant 
durinj;  tlu;  preceding;-  season,  ami  expended,  presunuihly, 
by  union  with  oxy,L,en,  durini!;  the  spring.  The  sproutin,!.; 
buds  of  the  hawthorn  and  of  many  other  ]>lants  present 
exquisite  tints  of  pink  and  mauve.  The  hulhils  of  the 
tigor-lily  are  covered  by  ])urple  scales.  The  vari'>us 
devices  by  which  plants  lay  by  nutriment  during'  one 
season  for  their  irrowth  in  the  next  are  known  as  bulbs, 
tubers,  corms,  or  rhizonu.'S.  All  of  these  an;  apt  to  produce 
younj,'  sprouts  of  dainty  colouring-  and  luight  hue.  'I'hi! 
growing  sprays  of  the  potato,  when  kejit  carefully  from 
tlu!  light,  exliibit  distinct  tinges  of  pink,  blue,  violet,  and 
yellow.  Asparagus  shoots  and  blanched  sea-kale  havt^ 
scales  or  leaves  of  nuiuve,  lilac,  and  greenish  hrown. 
Almost  all  bull)s,  on  ilrst  producing  leaves,  show  very 
decided  colours,  which  change  to  green  under  the  action 
of  light.  I'eet-root,  permitted  to  sprout  in  the  dark,  sends 
up  beautiful  bunches  of  deep  crimson  foliage.  Carrots, 
under  like  circumstances,  j)ut  forth  golden  sprays,  varying 
from  light  ])rimrose  to  bright  orangey  Sprouting  ])eonies 
lire  of  a  full  dark  red.  Jiluibarh  has  rosy  stems  and  piidc 
or  yellow  leaves.  In  many  of  these  cases,  the  colour  is 
most  conspicuous  in  the  thin  laminated  ]K)rtion  of  the 
vouiiir  leaves,  wdiich  oiler  the  best  medium  for  the  displav 
of  delicate  pignuuits.  In  every  case,  exposure  to  the 
sunlight  brings  about  reversion  to  the  original  assimilative 
function,  and  results  in  the  final  triumph  of  green  chloro- 
phyll. 
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TIio  young  shoots  at  tlic  end  of  branches  are  in  the 
same  position,  as  regards  energy,  witli  the  sprouts  wliich 
arise  from  bulbs  or  tubers.  They  cannot  yet  feed  them- 
selves, but  they  are  nourished  by  energetic  niateriahs  from 
tlie  older  leaves,  -wliose  carbon  combines  "with  oxygen  in 
tlieir  tissues  to  yield  the  energy  whereby  their  growtli  is 
carried  on.  Xow  the  bright  tints  of  tliese  young  shoots 
are  very  noticeable  (as  may  be  especially  observed  in  the 
fuchsia,  the  hawthorn,  and  ti;e  rose-ap])le),  and  they  can 
be  skilfully  arranged  in  such  combinations  as  to  produce 
a  visible  elTect  not  at  all  unlike  that  of  ilowers. 

If  we  compare  these  various  cases  with  those  of  bright- 
hued  entoniophilous  blossoms  and  brilliant  fruits,  we 
shall  find  that  they  have  all  one  quality  in  common- 
they  occur  in  parts  which  are  expenders,  not  accumulators, 
of  energy.  Hence  we  are  led  to  suppose  tliat  those  ])or- 
tions  of  plant;,;  wliich  subsist  upon  previous  accumulations 
are  apt  to  assu:  le  bright  hues  of  difl'erent  sorts.  To  what 
can  wc  attribuu  the  tendency  which  we  thus  observe? 
Can  we  give  any  eaxsal  formula  for  the  empirical  gCiieral- 
isation  at  which  we  liave  now  arrived  ?  1  think  we  can, 
and  in  the  followinn'  manner: — 

Chlorophyll,  the  active  deoxidising  principle,  has  a 
definite  com])Osition,  which  enables  it  to  carry  on  its 
])roper  functions,  and  a  deiinile  mode  of  rellecting  light, 
whicli  we  call  gi'een.  How  far  its  greenness  is  bound  up 
with  its  other  physical  properties  we  cannot  say.  Perhaps, 
as  has  been  objected,  it  might  equally  well  perform  its 
physiological  purpose  were  it  red  or  yellow.  lUit  more 
probably  its  s})ecial  reaction  upon  light  is  intimately  con- 
nected with  its  special  reaction  upon  carbonic  anhydrii'e 
under  the  inlluence  of  light.  However  this  may  be,  at 
least  we  know  tiiat  active  chlorophyll  is  always  green  ; 
and  the  more  active,  the  brighter  its  line,  as  Mr.  tSorby 
has  abundantly  .shown.  Hence,  eveiy  jjart  of  a  plant 
uhich  pei'forms  deoxidising  fnnctions  has  necessarily  a 
green  pigment  for  its  foundation.     The  greenness  may 
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indeed  be  masked  by  other  dyes  (perhaps  thcmselvjs  the 
pioducts  of  oxidation),  as  in  cell-sap  or  epidermis,  but  in 
the  actual  active  jirinciple  itself,  greenness  is  apparently 
always  present  as  an  essential  and  inherent  property. 

So  leaves  as  a  rule,  -where  exposed  to  sunlight,  are 
green,  but  the  remaining  portions  of  the  plant  il  >  not 
seem  to  be  bound  by  such  a  stringent  law  of  colouration. 
There  is  no  reason  why  other  colours  should  nut  appear 
in  them  from  time  to  time,  and,  if  they  prove  useful,  be 
])erpetuated  through  the  action  of  natural  selection.  Ilo\v, 
then,  do  they  arise  ? 

Colour,  we  have  seen  alieady,  is  merely  the  mode  in 
which  various  bodies  react  upon  light,  rellecting  or  ab- 
sorbing its  constituent  elements  in  varying  proportions 
of  their  several  rays.  But  there  is  no  property  of  different 
bodies  more  variable  in  its  nature  than  this  particular 
mode  of  reaction.  The  slightest  change  in  the  moleculnr 
constitution  of  a  substance  is  apt  to  be  accompanied  by 
considerable  changes  in  its  hue.  Materials  which  appear 
cheiuically  almost  identical  pass  through  strange  varieties 
of  tint  with  the  greatest  readiness.  And  this  is  particu- 
larly the  case  with  organic  matter,  which  differs  from  all 
other  matter  in  the  striking  effects  produced  upon  its 
])liysical  constitution  by  apparently  trilling  causes.  Hence 
we  might  naturally  expect  that  very  small  changes  in  the 
corstituents  or  contents  of  plant  tissues  would  be  likely 
to  produce  great  alterations  in  their  colour.  And  we  find 
accordingly  in  all  non-active  parts  of  a  plant  that  by- 
jiroducts  of  various  tints  dcj  actually  occur  with  consider- 
id)le  fre(piency  :  take,  for  exaniph>,  the  bright  hues  of  many 
stems,  barks,  and  juices,  the  red  under-side  of  the  Victoria 
rajia  leaf,  the  amber  nether  foliage  of  the  star-apple,  and 
the  beautiful  scales  of  the  gold  and  silver  ferns. 

Whether  such  colours  are  a/trai/s  due  to  oxidation, 
it  would  be  diilicult  to  sav ;  but  in  a  large  number  of 
instances  it  is  quite  clear  that  oxidation  is  going  on  in 
the  tissues  where  the  coloiu's  ji^jpear.     Obviously,  in  all 
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cases  of  mctastfisis,  the  recombination  of  oxv<:?en  with 
the  accumulated  hydrocarbons  is  the  only  source  of  the 
(nicrgy  whereby  growth  is  carried  on.  Sometimes  as  much 
as  40  or  even  50  per  cent,  by  weight  of  the  organic  matter 
contained  in  seeds  which  germinate  in  the  dark  is  lost  by 
conversion  into  carbonic  anhydride  and  water ;  ^  and 
somewhat  the  same  change  must  take  place  in  bulbs, 
tubers,  corms,  and  rhizomes.  Almost  all  the  above- 
(luoted  cases  fall  apparently  under  a  like  generalisation. 
Tiie  red  colouring  matter  of  persistent  winter  leaves,  as 
seen  in  ^(wpcrvivnm,  Malwriia,  Vacclmiim,  and  Scdi(m,  is 
due  to  a  substance  mainly  consisting  of  tannin.-  Mr.  Sorby 
docs  not  ttbsolutely  say  that  the  colours  of  autumn  foliage 
are  due  to  oxidation,  but  he  refers  them  on  the  ^iiole  to 
decreased  vitality,  absorption  of  chlorophyll,  and  similar 
causes,  whicli  bring  into  prominence  various  minor  2)rin- 
ciples  otherwise  unnoticed.  Of  the  lychnoxauthine  series 
he  says  expressly,  "  They  are  probably  only  products  of  the 
oxidisation  of  chlorophyll,  from  \\  Inch  they  may  be  pre- 
pared artificially."  Of  the  erythropliyll  series,  on  the 
other  hand,  he  merely  observes,  "  They  are  usually  indica- 
tive of  low  constructive  energy."  The  chrysotannin  group, 
again,  "when  oxidised,  give  rise  to  various  brown  sub- 
stances, wldch  are  the  cause  of  many  of  the  characteristic 
tints  of  autumnal  foliage."  l>ut  with  regard  to  the  pig- 
ments of  entomophilous  llowers  his  language  is  much 
more  decided  in  tone.  "  The  coloured  substances  in  the 
j)etals  are  in  many  cases  exactly  the  same  as  those  in  the 
foliage  from  which  chlorophyll  has  disappeared;  so  that 
the  petals  are  often  exactly  like  leaves  which  have  turned 
yellow  or  red  in  autunni,  or  the  very  yellow  or  red  leaves 
of  early  spring.  .  .  .  The  colour  of  many  crimson,  pink, 
and  red  llowers  is  due  t(j  the  development  of  substances 
belonging  to  the  erythropliyll  group,  ami  not  unfrecpiently 
to  exactly  the  same  kind  as  that  so  often  found  in  leaves. 
.  .  ,  The  facts  seem  to  indica  '.  tluit  these  various  sub- 


1  Sachs,  ubi  supra. 
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stances  may  he  due  to  an  alteration  of  tlic  normal  con- 
stituents of  leaves,  some  being  probuLly  formed  from 
clilorophyll,  others  from  the  xanthophylls,  and  perliaps 
Horae  from  other  constituents.  So  far  as  I  have  been  able; 
to  ascertain,  tlicir  development  seems  as  if  related  to  extra 
oxidisation,  modified  by  light  and  other  varying  conditions 
not  yet  understood."^  In  like  manner  Lory  found  that 
])arasites,  as  exemplified  by  broom-rapes,  absorbed  oxygen 
and  exhaled  carbonic  anhydride  in  all  stages  of  growtli, 
Avhether  exposed  to  tlie  sun  or  not.-  So,  also,  Morot 
showed  that  in  etiolated  plants  the  coloured  portion  of 
the  tissues  gave  out  carbonic  anhydride,  while  the  green 
])ortion  gave  out  oxygen.^  In  short,  without  going  into 
the  lengthy  ultimate  question — scarcely  soluble  at  present 
— whether  all  bright  vegetal  pigments  (except  chloro- 
])hyll)  ai'c  tliemselves  actually  oxidation  products,  we 
may  at  least  affirm  that  they  occur  with  exceptional 
frequency  in  those  plants  or  parts  of  plants  where  oxida- 
tion is  largely  taking  place,  'riiey  may  be  always  directly 
duo  to  the  absorption  of  oxygen,  or  they  may  be  merely 
secondary  results  of  that  action ;  but  they  certainly  show 
a  great  tendency  to  present  themselves  wherever  energy 
is  being  expended ;  and  that  conclusion  is  quite  sulficient 
for  our  immediate  object. 

Here,  to  guard  against  an  obvious  criticism,  it  should  bo 
added  that  only  a  tendency,  not  a  universal  law,  in  such 
a  direction  is  believed  to  exist.  For  example,  the  leaves 
of  the  sensitive  plant  and  the  Desmodium,  which  exlubit 
movements  far  more  marked  than  those  of  the  insectivo- 
rous species  already  noticed,  are  perfectly  green.*     I>ut  th<'. 
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1  Proc.  Hoy.  Soc,  vol.  xxi.  p.  478. 
"  Aniiiik's  (Ics  JScionces  Nut.,   31110 
Sev.  ]!otaiii(iuo.  viii.  158, 
^  lialfour,   Cliuss-Book  of   IJotiiny, 

V-  473- 

^  My  th.inks  for  calling  attention  to 
lliis  cxe(>|itiuii  lire  due  to  Mr.  Darwin, 
wlio  kindly  favoured  nie  with  several 
valuable  critical    observations    ujioii 


tlio  materials  for  this  chapter  when 
in  manuscript.  Profe.ssor  Thiselton 
Dyer  al.so  supplied  iiie  with  many  use- 
ful notes  in  connection  witli  this  sub- 
ject, of  which  I  have  gladly  availed 
myself.  At  the  sanio  time,  I  ought 
to  mention  that  although  I  liave  al- 
tered much  of  my  original  matter  in 
accordance  with  objections  raised  by 
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whole  conclusion  here  suugesteJ  amounts  in  brief  to  the 
i'ollowiiig  principle  :  Wherever  consider.'ible  changes  occur 
in  tlie  nature  of  the  vegetal  tissues  or  their  contents,  they 
are  apt  to  ho  accompanied  by  similar  changes  in  the  re- 
action of  the  tissues  upon  the  incident  sunbeams. 

Yet  it  is  a  noteworthy  fact  of  great  importance,  as  shed- 
ding light  upon  the  origin  of  the  colour-sense,  that  such 
brilliant  tints  are  everywhere  exceptionally  connnon  in 
tlic  organic  world.  Besides  the  green  of  chlorophyll,  the 
orange  and  scarlet  of  autumn  leaves,  or  the  varied  hues  of 
ilowers  and  fruits,  we  find  unusually  bright  colouring  in 
many  parts  of  animals,  especially  the  very  simplest,  such 
as  jellyfisli  and  sea-anemones.  Although,  as  we  shall 
observe  hereafter,  numy  of  these  are  doubtless  due  to  the 
selective  action  of  sexual  preference,  acting  through  the 
colour-sense  itself,  yet  in  the  lowest  organisms  there  is 
some  reason  to  believe  that  the  purity  and  splendour  of 
the  prevailing  hues  are  only  due  to  the  adventitious  com- 
position of  tiieir  molecules.  And  when  we  further  notice 
the  brightness  of  mammalian  blood,  besides  tl;e  numerous 
changeful  hues  of  sundry  viscera  or  their  contents,  we  shall 
probably  be  willing  to  allow  that  organic  bodies  habitually 
display  pure  and  gorgeous  tints,  which  the  mineral  world 
only  shows  us  in  a  few  mre  and  exceptional  jewels. 

Before  we  i)roceed,  however,  to  apply  these  general 
principles  to  the  genesis  of  entoinophilous  Ilowers,  it  will 
be  well  to  glance  lirielly  at  a  distinction  of  considerable 
importance,  already  hinted  at  in  the  preceding  paragraph. 
Colour,  as  such,  cannot  of  itself  subserve  any  special  func- 
tion except  in  connection  with  the  animal  eye.  The  hues 
of  all  inorganic  and  of  most  organic  bodies  depenn  entirely 
upon  the  fortuitous  molecular  constitution  of  tlie  parti- 
cular body.  ]]ut  when  a  colour  so  reflected  hap[)ens  to 
jiroduce  some  specific  effect  upon  the  eyes  (f  any  aninuil, 

these  tlistiiigiiisluid  iiiituralists,  they  many  of  wliich  riofcssor  Dyer,  fit 
Hi't- not  in  any  way  responsible  for  any  least,  wonhl  dissent  in  the  most  uii- 
of  the  statements  here  made,  from     equivocal  manner. 
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Mliose  interference  is  either  useful  or  iioxicus  to  the  ani- 
mal or  plant  reliecting  it,  then  the  principle  of  natiiial 
selection  will  come  into  play,  and  the  colour,  as  such,  may- 
be said  to  subserve  the  special  function  of  attraction  or 
protection,  as  the  case  may  be.  Henceforward,  in  the 
jiresent  work,  a  colour  which  seems  simply  to  depend  upon 
molecular  constitution,  apart  from  function  to  be  subserved, 
will  be  described  as  adccntilious  ;  while  a  colour  Avhich 
also  subserves  a  special  function  will  Le  described  as 
'purposive. 

Now  all  the  coloured  objects  with  which  we  have  so  far 
dealt — green  leaves,  autumn  foliage,  young  shoots,  sprout- 
ing buds — are  purely  adventitious  in  their  tints.  Flowers, 
however,  which  we  next  approach,  are  purposive;  but, 
like  all  other  purposive  adai)tations,  they  must  neces- 
sarily have  taken  their  rise  in  some  adventitious  circum- 
stance, afterwards  increased  and  developed  by  selective 
action. 

With  such  data  before  us,  then,  let  us  proceed  to  inquire 
what  was  the  genesis  of  those  bright  entomo})hilous 
llowers,  which  present  brilliant  tints  in  specialised  thin 
leaves  or  petals,  admirably  adapted  alike  for  rapid 
oxidation,  and  for  the  ostentatious  display  of  delicate 
pigments. 

The  flower  is  one  of  the  purely  expensive  structures 
which  we  noticed  above  as  seats  of  oxidation  and  liberated 
energy.  The  well-known  experiments  of  Saussure,  l-)u- 
trochet,  Vrulik,  and  De  Vriese,  detailed  in  all  handbooks 
of  2)hysiological  botany,  sulliciently  prove  that  during  the 
act  of  ilowei'ing  oxygen  is  consumed,  carbonic  anhydride 
evolved,  and  heat  liberated.  These  experiments  have  been 
generally  conducted  upon  various  species  of  Arum,  which 
are  insect-fertilised  lh)wers ;  but  similar  phenomena  have 
also  been  observed  in  the  cones  of  cycads,  whose  blossoms 
are  strictly  anemophilous.  Indeed,  as  the  absorption  of 
oxygen  is  chielly  concerned  with  the  maturation  of  the 
pollen,  and,  to   a  less  extent,  of   the  pistil,  it   is  clear 
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that  it  can  be  but  little  influenced  by  the  nature  of  the 
surrounding  structures. 

Hence  we  would  naturally  expect  that  all  floral  organs, 
wind-fertilised  or  insect-fertiliscMl  alike,  would  show  a 
tendency  to  the  production  of  bright  colours,  in  accord- 
ance with  the  general  principle  here  laid  down.  This  n 
friori  expectation  is  fully  justified  by  the  actual  facts. 

In  the  first  place,  even  among  flowerless  plants,  th(i 
purely  expensive  structures  employed  in  the  elaboration 
of  young  spores  are  almost  always  tinged  with  some  otlier 
hue  than  that  of  the  green  pigment  which  distinguislies 
the  active  and  assimilatirg  leaves.  In  mosses  the  grace- 
ful little  spore-cases,  which  rise;  like  miniature  fruits  at 
the  extremity  of  the  tall  s]iiky  stems,  are  usually  ])ink  or 
reddish  brown  in  colour.  Tlie  beautiful  Sjilacliaum  ruhnrm 
of  the  Canadian  forests  has  a  cup  of  brilliant  scarlet,  which 
lias  led  tlie  cliildren  who  pick  it  to  give  it  the  pretty 
po2')ular  name  of  red-cap  moss.  ^Nlany  lycopodiums  pro- 
duce bright  golden  fructifications,  very  conspicuous  in  the 
lovely  exotic  L.  dcndroidcum.  Ferns  generally  bear  tlieir 
spores  on  the  under  surface  of  the  fi'ond,  where  their 
brown  or  russet  colour  makes  them  very  noticeable  and 
pretty  objects.  So  that,  in  spite  of  their  ill-chosen  name, 
the  cryptogams  themselves  exliibit  the  universal  tendency 
to  varied  colouration  in  the  reproductive  organs. 

Next,  when  Ave  examine  the  phanerogamous  division  of 
jdants,  we  see  at  once  tliat  tlie  actual  floral  structures 
themselves  are  always  more  or  less  marked  by  distinctive 
colours.  Tlie  pollen  is  generally  of  a  rich  golden  yellow, 
while  the  surrounding  scales  show  tints  of  silverv  f'rev  or 
faint  pink.  Even  among  the  wind-fertilised  blossoms,  not 
a  few  are  thus  rendered  conspicuous  when  they  hang 
thickly  together  in  large  close-set  masses.  Many  catkins, 
several  grasses,  the  larch  and  other  conifers,  the  dock  and 
its  congeners,  all  display  blossoms  of  considerable  distinc- 
ness,  quite  uninlluenced  by  the  selection  of  insects.  The 
inner  bracts  of  the  unopened  artichoke  head  are  often  a 
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Lrilliant  mauve,  iiot  less  beautiful  than  that  of  many 
flowers.  The  ^u;lume3  which  surround  tlie  floral  organs  of 
grasses  are  ruddy  purple.  The  female  flowers  of  the  com- 
mon hazel  are  a  fine  red,  as  Mr.  I)arwin  reminds  me. 
J'lvidently  we  have  here  a  groundwork  of  differential 
colouring  upon  which  selection  might  set  to  work,  and 
ultimately  produce  the  striking  results  that  we  see  to-day 
in  every  flower-garden. 

These,  then,  are  the  ultimate  elements  of  our  problem. 
Flowers  consist  essentially  of  nude  and  female  organs, 
\vl;icli  really  represent  aborted  leaves,  greatly  modified  for 
their  special  function,  as  Wolff  and  Goetlie  long  since 
pointeil  out.  These  reproductive  organs  are  situated  at 
the  ends  of  axes,  where  growth  is  failing ;  and  j\Ir.  Herbert 
Spencer  observes  that  such  points  are  just  the  ones  where 
coloured  leaves,  as  noted  above,  frequently  nudvc  their 
appearance.^  In  anemophilous  flowers,  as  a  rule,  we  find 
only  the  two  whorls  of  essential  floral  organs ;  but  in 
entomophilous  flowers,  as  a  rule,  we  find  two  additional 
whorls,  the  j)etals  and  the  sepals,  one  or  both  of  which  are 
brilliantly  coloured,  tlie  colouration  a])parcntly  subserving 
no  other  purpose  than  the  attraction  of  insects  who  aid  in 
fertilising  the  flowers.  We  can  hardly  resist  the  inference 
that  the  coloured  whorls  represent  an  intensification  of 
the  natural  tint  in  growing  slioots  and  floral  organs,  slowly 
modi  lied  l)y  the  selective  action  of  the  insect  eye. 

When  we  look  more  closely  at  the  nature  of  showy 
entomophilous  flowers,  this  conviction  becomco  greatly 
strengthened.  If  colouration  depends  wholly  or  in  part 
upon  oxidation  of  previously  stored  material,  it  will  follow 
that  very  large  and  nuassive  blossoms  can  only  be  produced 
by  the  aid  of  considerable  prior  accumulations  in  some 
portion  of  the  parent  plant.  Now  this  is  exactly  what 
we  find  to  bo  the  case  in  nature.     Most  very  big  flowers 
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•  Principles    of    Biology,    ii.    249,     but  vigorously  sketched  out  in  a  Uivr 
where  the  whole  question  treated  in    pages, 
dttuil  in  thischii[)ter  has  been  rapidly 
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depend  for  their  sn])port  upon  l)nll)s,  corjn«!,  tuber.^,  or  otlior 
like  bulky  reservoirs  of  energetic  material.  It  will  be 
sudicient  to  mention  tlic  cases  of  the  waterlilics,  the 
lotus,  the  dahlias,  the  orchids,  the  iris,  tlio  crocus,  the 
i^ladiolus,  the  narcissus,  the  snowdrop,  the  daffodil,  the 
tulip,  the  various  lilies,  the  tuberose,  the  hyacinth,  and  tho 
meadow-saffron.  In  many  of  these  plants  the  handsomest 
heads  of  bloom  are  secured  by  cutting  off  the  flower-buds 
for  several  successive  ycarr,,  and  so  preventinL^  the  expe  i- 
diture  of  materiai  ii-itil  .  i.-inci*  has  be.;n  accmiulated  for 
a  g()rgeou.  dispit;v  \A  'dossora.  Certain  other  ilowers, 
again,  depend  fo  sr..  v;orl:  t,:])on  starch  or  other  nutriment 
laid  by  in  the  Heshy  xecept «  -  :  from  which  they  spring. 
This  is  the  case  with  tho  artichoke,  the  dandelion,  and 
many  of  their  sister  composites.  A  third  class  lives  upon 
materials  stored  up  in  the  woody  branches,  as  in  tho 
almonds,  flowering  cherries,  and  other  trees,  which  bloom 
in  the  spring  before  the  fresh  leaves  make  their  appear- 
ance. Yet  a  fourth  sort  maintain  themselves  cheaply 
ujion  the  manufactured  juices  of  other  plants,  like  the 
l(!alless  parasite,  Ilalllesia,  whose  flower  measures  three 
feet  in  diameter,  or  the  pretty  little  English  dodder,  whose 
suckers  fasten  themselves  tightly  upon  the  growing  stems 
of  <j;orse.  A  great  number  of  the  most  beautiful  exotics 
are  saprophytes,  which  live  entirely  upon  the  decaying 
vegetable  mould  in  which  they  are  embedded.  Indeed, 
whenever  showy  Ilowers,  like  poppies  an<l  convolvulus, 
grow  without  the  aid  of  some  such  accumulated  nutri- 
ment, it  will  generally  be  found  that  their  petals  are  tliin 
and  papery,  so  that  the  total  cubical  content  of  the  ilower- 
])ud  is  really  quite  inconsiderable.  Such  plants,  in  fact, 
have  learnt  to  make  a  very  great  display  at  very  little 
actual  expense. 

Furthermore,  ilowers  often  exhibit  different  colours 
according  to  the  state  of  oxygenation  which  their  juices 
have  reached,  and  these  differences,  as  I  shall  endeavour 
to  show  hereafter,  bear  a  definite  relation  to  the  various 
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])erio(ls  of  niatniity,  niid  the  ])articular  insect  wlioso 
assistance  is  ro(iiiircd.  Almost  all  blossoms  in  tlioir  early 
sto'^es  contain  j^M'een  pigments  and  jierform  foliar  finic- 
tio-';;  l)ut  as  they  miturt,  they  ifradually  assume  their 
])r.  ('Or  hues  of  yellow,  l»liie,  or  red.  "  Tlio  endochrome  of 
tlie  ruoimentarv  petals,"  says  ]\Ir.  So''ijy,i  "approximates 
ill  liliarai'ter  to  that  of  the  leaves;  and,  durinj^  their 
(Ic  jlopment,  their  leaf-like  eharaeter  is  ;4radnally  lost, 
and  often  new  rolor  Ing  matters  are  formed."  The  series 
of  changes  may  he  easily  followed  in  a  hyacinth,  a  tulij), 
or  a  daflbdil;  hut  perhaps  the  garden  liydrangea  (//.  Itor- 
tcmis)  offer.s  the  best  opportunity  for  watching  tliis  inte- 
resting phenomenon,  because  the  structures  in  whieli  the 
mauve  or  ])ink  pigment  finally  appears  are  exposed  to 
view  during  the  whole  process  of  maturation.  Otlier 
changes  also  frequently  take  place  after  the  lh)wer  is  fully 
developetl.  "  CheirantJivs  chauiaico  has  at  first  a  whitisli 
tiower,  then  a  citron-yellow,  then  red  or  slightly  violet ; 
the  petals  of  Sfi/lidiiini  fruticositvi  arc  pate  yellow  at  first, 
,nen  lightish  rosc-colour(;d ;  the  fio\vers  of  (Enothcra  tctra- 
ptcra  are  first  whitish,  tlian  rose-coloured  or  nearly  r(.!d ; 
the  corolla  of  Cuhcca  seandcns  is  greenish-white  the  first 
day,  and  violet  the  day  following ;  the  flowers  of  Hibiscus 
mufalllis  appear  in  the  morning  of  a  white  colour,  towar<ls 
midday  tliey  become  iiesh-coloured,  and  at  nigh*"  they 
arc  red."-  F.  ]\Iiiller  has  observed  a  Lantana  .it  Sta. 
Catherina  in  Ih-azil,  the  flowers  of  which  last  three  days, 
"  being  yellow  on  the  first,  orange  on  the  second,  purple 
on  the  tliird  day;"-*  and  his  interesting  explanation  of 
this  peculiarity  will  find  further  mention  when  we  come 
to  treat  of  the  parallel  adaptation  whereby  insects  hav(! 
accommodated  tlunnsclves  to  the  colours  of  flowers.  In- 
deed, Delpino  believes  tliat  all  such  changes  of  hue  are 
specially  intended  to  inform  the  fertilising  insects  of  the 
proper  moment  for  effecting  impregnation. 

1  Quiiiterly    .Jouniul    of    Science,        -  Balfour,  p.  541. 
1S73,  \i.  403.  ^  "Nature,'  November  29,  1877. 
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\V(!  coiiclutU',  tlicii,  with  iiuicli  pi'obiiliility,  that  tho 
hii^fht  i>i^iiH'iit.s  of  ciitoiiioiihiloiis  {jhinls  aro  cIik;  orij^Mii- 
ally  to  the  iialunil  oxiihition  taking,'  j)hieo  in  all  piiiely 
('Xl)onsive  .structures,  aided  l»y  tlu;  sulectivu  action  of 
insects.  It  is  ncjleworthy,  as  ]>roviii,L,'  the  functional 
orij^in  of  these  ]ti,<,nnents,  that  iioth  j^'reat  divisions  of 
llo\verin;j;  plants,  the  nion(-)cotyledons  and  the  dicotyledons, 
liave  independently  hit  upon  tla;  vi-ry  .same  device;  of 
coloured  leaves  foi'  attractin,!,'  theii'  insect  allies.  lUit 
this  could  hardly  have  happened  had  not  some  original 
,^roundwork  existed  in  the  mere  fact  of  oxidation,  upon 
which  selective  action  niiiiht  be  successfullv  exerted. 
Still  more  clear  does  this  ai'<.;unient  beconu!  when  wo 
recollect  that  in  almost  every  family  under  these  two 
threat  divisions,  anemophilous  and  entonioiihilous  genera 
may  be  found  side  by  side,  thus  provin.t;'  that  the  devici? 
of  colour  has  been  independently  ado})ted  by  dilferent 
l)lants,  not  twice  alone,  but  a  thousand  times  over.  "When- 
ever brilliant  leaves  showed  any  tendency  to  appear  in 
the  neighbourhood  of  the  lloral  organs,  no  matter  what 
the  species,  g'.nus,  family,  or  class,  it  would  seem  that  the 
jilant  thereby  derived  such  an  advantage  as  to  per[)e- 
tuate  the  habit  in  future,  under  the  constant  stinmlus  of 
over-population  and  natural  selection,  resulting  in  survival 
of  the  fittest. 

When  we  pass  on  to  examine  the  various  ])arts  of  the 
flower  which  may  thus  become  devoted  to  the  attractive 
function,  we  find  still  plainer  evidence  to  the  same  effect. 
The  essential  lloral  organs  themselves,  already  so  conspi- 
cuous in  the  various  catkins,  may  be  specially  modilied 
for  the  sake  of  dis))laying  brilliant  pigments.  The  com- 
mon meadow  rue  depends  almost  entirely  for  attraction 
upon  these  organs.  In  the  family  of  Mesembryanthe- 
mums,  the  outer  stamens  become  flattened  and  petaloid, 
so  as  to  resemble  the  corolla  of  ordinary  flowers.  In  the 
waterlilies,  the  tendency  towards  a  similar  change  is 
always  noticeable.     Indeed,  if  one  may  hazard  a  guess  in 
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Pit  iiiicerlain  a  ([lU'sliou,  aiia..i,i,'y  wcniM  nulitT  Irad  \is  i.) 
Mi|ip().s(i  that  all  fn'tals  arc  luiHliruul  slamuns  than  tluiL 
till!  transitiun  lias  lakcii  placi-  in  the  ojipositu  tlirectioii. 
However  this  may  be,  the  corolla,  or  pelaliiu;  whorl,  ft)riii 
ill  most  flowers  tin;  main  atlraclivi!  ornaii.  Hoses,  butter- 
cii[»s,  violets,  bluebells,  ami  primroses  may  stand  as  sulli- 
cient  exam[tlcs.  Xcxt  in  order  comes  the  calyx,  or 
Hcpalinc  whorl,  usually  a  protective  jri^an,  but  often  so 
moiliiied  as  to  aid  in  the  function  (/.'  allurin'4  the  insei;t 
quests.  In  the  fuchsia,  the  briyht  sepals  make  the  most 
striking  part  of  the  whole  blossom;  while  in  the  tulip, 
crocus,  and  other  brilliaiiL  incmocotyledonous  plants,  both 
sepals  and  jjctals  are  joloured  alike,  so  as  to  be  usually 
liim])ed  together  under  the  common  name  of  perianth 
j)ieces.  In  the  marsh  mai'igold,  the  nuirvtd  of  Tern,  the 
])ur[)le  clenuitis,  and  the  crimson  Arisloloch'ui  conlata,  the 
])etals  are  wholly  wanting,  and  the  calyx  alone  performs 
the  task  of  ostentatious  chromatic  display. 

Nor  does  the  i)rocess  of  colouration  stop  short  at  the 
regular  lloral  whorls.  The  bracts  and  other  secondary 
adjuncts  often  aid  in  the  attractive  eilect.  Several 
euphorbias  have  separately  inconspicuous  flowers,  enclosed 
in  a  common  involucre  of  the  most  beautiful  scarlet  hue. 
l\)'mscUia  i^ulckcrritna  bears  tiny  yellow  blossoms,  which 
would  doubtless  fail  by  themselves  to  catch  even  the 
microscopic  eye  of  a  tro})ical  butterlly;  but  they  are  sur- 
rounded by  a  thick  nuiss  of  gorgeous  crimson  bracts,  so 
strikingly  lovely  as  to  ensure  for  the  plant  a  place  in  all 
our  great  conservatories.  The  various  arums  bear  their 
minute  llowers  on  a  yellow  spadix,  about  which  grows  a 
huge  white  or  purply-green  sheath,  known  as  a  spathe, 
whose  large  size  and  bright  colour  makes  up  for  the  rela- 
tive inconspicuousness  of  the  essential  organs.  In  short. 
Avhatever  part  happened  to  display  a  tendency  towards 
bright  colouration,  and  thereby  attracted  the  attention  of 
insects,  would  naturally  grow  more  and  more  prominent 
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I'loin  j^onoratioti  to  ^(jnoratloii,  till  it  reacliod  tliu  furtlu'st 
limit  of  useful  expc'iidituri!.^ 

That,  tin;  colour  of  tlii;  llowor  is  a  mere  iiitcnsification 
of  that  prcvailin*'  in  tlu;  .stem  lias  Ion-'  sincu  boon  rocoir- 
iiisod  by  ])aiiitL'rs.  h\  soMio  cases,  as  in  Prpcrotnia,  tho 
Inio  of  the  slum  becomes  itself  very  noticeable.  in 
others,  as  in  Ecltcccria,  the  stalk  and  bracts  are  [)inl<ish, 
j^'radnally  ,i;ro\vin.^  deeper  till  we  reach  the  ealyx,  whih; 
the  petals  themselves  appear  simply  as  an  intensified  form 
of  the  surrounding  tint.  In  J'Jpij)hi/lliiiiiH,t\i(i  end  of  tluj 
leaf-like  peduncle  is  often  briL;ht  red  like  the  blossom 
itself.  Amongst  English  plants,  Echlam,  Scdmn,  Chryso- 
splcnium,  Raiacx,  and  numy  other  genera,  show  like  ])ben(i- 
Tuena.  And  when,  as  in  the  parasites  and  saprophytes, 
the  stem  and  scales  have  no  si)eeial  reason  for  greenness, 
we  find  such  brilliant  examples  as  TA(dra'(<,  Monotroptt, 
Xeottia,  and  Curallorhiza,  whose  rudimentary  leaves  are 
quite  as  beautifully  coloured  as  the  ilowers  themselves. 

From  whatever  jioint  of  view  we  regard  the  question, 
then,  it  seems  equally  probable  that  even  before  insect 
selection  had  come  into  play  certain  lK)W(!rs  would  show 
a  considerable  tendency  to  the  production  of  adventitious 
colours.  Wherever  sucli  patches  of  red  or  blue  shone  out 
among  the  prevailing  green  of  primitive  forests,  we  may 
be  sure  they  would  act  as  beacons  to  the  rudimentary  eyes 
of  unspecialised  insects.  At  lirst  their  colours  would 
doubtless  be  arranged  in  very  indehnite  patches;  but  as 
they  were  gradually  selected  by  their  ins«'ct  visitors,  the 
elfecjts  of  cross-fertilisation,  by  weeding  jut  individual 
peculiarities,  would  nuUvC  tlieir  shape  and  hue  more  and 
more  definite  with  each  mnv  generation.  For  such  deii- 
niteness,  as  we  shall  obs(!rve  abundantly  hereafter,  is  a 

'  I  was  once  given  a  i)iiie-iiii[)le  in  liiivity     had    proved    useful    to    tlio 

Jamaica  by    a  negro   cottiiger,    the  plant,  instead  of  hurtful,  as  it  really 

crest  or  empty  bracts  of  wliich  l:ad  was,  it  might  have  originated  a  per- 

assumed  a  bright  scarlet    hue,  like  niauent  variety.    Tiic  garden  cocks- 

that  of  so  many  JiroiiidUr,  wiiilo  tlie  comb  {Cclotiia  criHlald)  is  an  instance 

8UC1  ulent  mass  benealli  had  become  of  sucli  a  monstrosity  carefully  pre- 

dry  and   shrivelled.      If  tliis   pecu-  served  by  artilicial  selection. 
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mark  of  contrinHsLinfLiKii  iM'twccii  inlvriiitiuus  :iii<l 
]»uri)()sivo  colcmiatiuii.  WlK'iciScr  we  liml  a  jilaiit,  like 
tli(^  (•(Himioii  West  Indian  /Ironir/in  pi)i;fui)i,\]\  uliidi  ilic 
HjiatluiS  iiro  coluiiroil  luiulitlv  Itiit  iii'c^'u'.irly,  the  friiiisini 
fadin,^  oH'  info  wliiti;  iw  >^ivvu,  we  mav  t'aiily  eoiiclinli' 
that  tlie  selective  prciccss  luus  not  yet  jjnicuudcd  very  far. 
Hut  whon  W(!  uct  a  dctinito  iMinck  of  rrimson  liracts,  as  in 
J'oiiisrffitt  pii/rfifn'iiiKi,  standin,;^'  ajiart  as  a  vctrular  mass 
from  the  '^w.ew  fulia^'o  lielow,  wc;  uiay  Ix;  suro  tliat  the 
selective^  ])iije(^ss  lias  continut'd  for  a  eonsidcrablo  period 
(if  time ;  whilo  iu  the  three  constant  colonrtMl  loaves  which 
surround  the  little  blossoms  of  the  li(ntf/<nni-i//n(,  we  sec;  a 
.still  further  ])roifress  in  nunKM'ical  deiiniteness.  Ho,  too. 
if  we  compare  the  Kni^lish  cuckoo-pint  witli  the  yEthio- 
])iaii  lily  {Iticliardid  d/rioiiKt),  or  the  apple  with  the 
oranj^'o,  we  shall  see  icason  to  heli(;vc  that  the  former  cases 
represent  a  relatively  incom]iIete,  and  the  latter  cases  a 
relatively  complete,  sta^'e  of  the  dilTerentiating  action.  And 
we  shall  ol»serve  hereafter,  when  we  c<jme  to  examine  the 
origin  of  bright-coloured  fruits,  that  these  structures, 
which  have  beciii  devehiped  to  suit  the  eyes  of  birds  and 
mannnal.s,  and  are  therefore  comparatively  late  in  geolo- 
gical time,  possess  on  the  whole  much  less  delinite  colours 
than  eutomoj)hilous  llowers,  wjjich  have;  been  develo})e<l 
to  suit  the  eyes  o(  inse(;ts,  and  date  far  back  in  geoIogi(;al 
time. 

The  first  step  towards  defniiteness  in  colouration  is 
gainerl  by  that  dwarfing  of  tlie  internodes  wliich  gives  the 
floral  whorls  their  circular  appearaiu3e.  The  earliest  ento- 
moi»hilous  llowers  probably  l>elonged  to  the  dicotyledonous 
group,  which  now  exhibits  the  highest  dill'enmtiation  of 
any;  but  they  consisted  of  sej)arate  petals,  like  tlui  com- 
mon dog-rose,  insteau  of  being  tubular  or  bell-shaped,  lik(? 
the  honeysuckle  or  the  campanula.^     (Jradually,  hovvev(.'r, 
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>  J.  E.Taylor,  F.O.S.,  "Ooelogi-  .iry  1878.  I  cuiinot  agree  with  :\rr. 
cal  Aiitiquityof  Insects  aiidFlowers,"  Taylor,  however,  in  siijiposing  tii.it 
in  "  Popular  Science  Ilevicw,"  Janu-    eiitoinoi)hilous  nioiiocotyledona  jiic- 
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the  Viuious  iictals  in  cortaiii  cases  became  adnate,  tliat  is 
to  say,  tlevelopod  together,  so  as  to  form  a  single  indented 
covolla.  The  former  chiss  of  ilowers  are  known  as  po/;?/- 
■^ictaloiis,  the  other  as  f/amojnialous.  At  a  still  later  date 
came  the  irregular  flowers,  like  the  labiates  and  orchids, 
".vhich  are  specially  adapted  to  the  shapes  of  insects ; 
while  the  diflerentiating  process  is  doubtless  still  going 
on  under  oui-  very  eyes  whenever  a  bee  visits  a  blossom  in 
the  meadows  around  us. 

Side  by  side  with  this  dilferentiation  of  various  Ilowers 
went  the  dillerentiation  of  ilower-luumtiug  insects.  Even 
in  the  Carboniferous  world  some  vagrant  species  of  that 
great  class  already  lived  in  tin  hard  siliceous  underbrush; 
])ut  Sir  John  Lubbock  believes  that  llymenoptera,  llemip- 
tera,  and  Diptera  iirst  came  into  being  during  the  Cre- 
taceous era;  while  Lcpidoptera,  or  butterllies,  did  not 
appear  until  the  Tertiary  times.  Beetles  first  exhibit 
evident  marks  of  llower-feedinu;  during  the  Miocene  epoch. 
'Vs  for  honey-bees,  they  probably  represent  the  very  latest 
and  most  highly  dil'ferentiated  members  of  the  whole  class, 
and  they  could  hardly  have  reached  their  present  form  till 
a  very  late  period.  In  short,  if  we  look  at  tlu;  correlation 
of  the  ilowers  and  the  insects,  we  shall  see  reason  to  be- 
lieve, what  is  already  sus])ected  on  purely  paheontological 
grounds,  that  gamopetalons  ilowei's  could  not  be  developed 
before  the  rise  of  specialised  insects  having  a  proper  pro- 
boscis iitted  for  fertilising  their  bloom. 

Again  the  entomophilous  monocotyledons  a'.e  probably 
far  more  modern  in  date  than  the  bright-coloured  dicoty- 
ledons, and  thev  are  also  on  the  whole  far  more  leallikt; 
and  less  definite.  Most  of  them  consist  of  six  perianth 
jneces,  shaped  very  much  like  the  ordinary  leaves,  and 
seldom  having  any  specialised  features.  Yet,  as  they 
found  the  field  already  occupied  by  bright-hued  dicotyle- 

ceded  similar  dicotyledons.     All  tlio  plants  counts  for  very  little,  as  their 

structiu'iil   indications   point    in   tlie  earliest  species  may  very  ".ell  hava 

opposite  direction  ;  and  the  mere  fact  been  anemophilous. 
of  the  early  appearance  of  liliaceous 


I' 


}  ( 


I.\ SECTS  AND  FLOWEKS. 


69 


(loTis,  it  was  necessary,  if  tliey  would  stHnire  the  attention 
of  insects,  to  bid  for  their  favour  by  very  hirge  and  showy 
blossoms.     Accordinu'lv,  these  newest  comers  amontrst  the 
insect-fertilised  plants  form   a   laru;(;   proportion  of   our 
choicest  garden  species.     It  will  sullict!  merely  to  enume- 
rate the  iris,  crocus,  narcissus,  daflbdil,  snowdrop,  ama- 
ryllis,   aloe,   tulip,  tiger-lily,   fritillary,   crown -imperial, 
tuberose,  hyacinth,  star  of  I'ethlehem,  ni(>aaow-saftVon, 
hellebore,  arum,  and  ^Ethiopian  lily,  to  show  how  many 
of  the  most  brilliant  flowers  belonu;  to  this  class.     Even 
here,  however,  a  large  number  of  species  have  advanced 
to  a  high  degree  of  differentiation,  duo  to  the  agency  of 
insects.     While  many  lilies  have  six   separate  perianth 
pieces,  as  we  see  in  the  tulip  and  the  fritillary,  others,  liko 
the  lily  of  the  valley,  hav(i  become  quite  gamopetalous,  or, 
to  speak  more  correctly,  the  petal ine  and  sepal iiu;  whorls 
have  coalesced  into  a  bell-shaped  cup.     lUit  the  orchid 
family  display  the  most  curious  adaptations  of  all,  Iteing 
modilied  in  an  infinite  variety  of  ways  to  suit  the  insects 
of  their  several  countries,  and  ■jiresenting  the  most  mar- 
vellous tricks  of  mimicry,  mechanical  dc^vice,  and  sportive 
cunning,  which  at  first  sight  almost  compel  us  to  imagine; 
an  iriherent  consciousness  guiding  tlu;  blind  course  of  their 
ht range  developments.^ 

It  has  been  remarked,  t  >,  that,  as  a  rule,  flowers  whose 
forms  arc  highly  modified,  so  as  to  admit  of  fertilisation 
with  consideralde  cer' lixity  by  a  singh;  insect  visitor,  do 
not  need  the  same  large  display  of  siiowy  corollas  as  those 
which  trust  almost  to  chance  for  the  conveyance  of  their 
jiollen  'o  the  proper  receptacle.  Thus  Sprengel  contrasts 
the  great  size  and  numerous  petals  of  the  water  lily,  whose 
shape  has  no  special  reftjrencc  to  the  organs  of  the  feiti- 
lising  insect,  with  the  little  labiates,  whose  form  ensures 
the  due  apjdication  of  thf  ])i>lk'u  at  every  visit.-  So,  too, 
ve  may  compare  the  common  orchid  with  tiie  fritillary, 

'  Sec  Diuwin,  "Fertilisation  of  ()i-  -  LuUiook,  "IJritish  Wililfloweid^ 
c\w\a"  imsaiin,  in  their  llelatioii  to  Insects,"  j).  5,> 
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tiic  lily  of  the  vallcv  with  tlie  tulip,  and  the  coin[)Ositcs 
with  the  rose  family.  Of  coiuse  many  inteiieiiiiy;  canseH 
must  be  uii(kr«tood  as  putting  a  limitation  upon  the  truth 
of  this  roughly  generalised  statement.  For  example, 
tlie  great  tropical  buttertlies,  the  larger  hoes,  and  the  hum- 
luing-birds,  form  fertilising  agents  \s\\o  naturally  demand 
large  masses  of  colour  as  an  attraction ;  or,  again,  the 
presence  of  seenl,  honey,  or  other  special  allurements,  nuiy 
make  up  in  particular  cases  for  tlu;  lack  of  blight  corollas. 
Y'et,  on  the  "whole,  it  may  be  said  that,  other  things  equal, 
high  modification  in  form  is  accompanied  by  a  decreased 
expenditure  on  coloured  adjuncts. 

Xor  is  it  only  in  the  shape  and  colour  of  individual 
tlowers  that  phmts  vie  with  one  another  for  the  favours  of 
their  insect  guests.  Like  varieties  are  also  to  be  found  in 
the  mode  of  massing  tiu'  l)l(.)Ssonis  so  as  to  attract  from  a 
great  distance  tlie  eyes  of  passing  bees  or  butterilies.  Wy 
must  remember  that  the  facets  of  the  articulate  visual 
organ  are  not  adapted  for  perceiving  small  objects  except 
at  a  comparatively  close  range.^  Ilenco  those  plants 
wiiich  can  grou}»  their  several  blossoms  into  large  and 
conspicuous  bunches  may  derive  special  advantages  from 
llie  extra  attractiveness  thus  attained.  Such  s])ecios  a;^ 
the  i)eony  or  the  tulip  bear  a  single;  terminal  blossom  at 
tlie  end  of  their  stalk.  Others,  like  the  ])impernel  or 
the  veronica,  have  a  few  tiny  llowers  half  liidden  at  the 
axes  of  the  leaves.  But  the  hyacinth,  llie  laburnum,  and 
the  lilac,  group  their  bloom  into  large  upright  or  hang- 
ing masses;  while  the  cowsliji,  the  carrot,  and  the  cal- 
ceolaria ])roduce  llattened  heads  which  strike  the  eye 
from  a  considerable  distance.  Tht;  dog-rose,  with  its 
scattered  llowers,  does  not  catch  our  passing  glance  so 
readily  as  the  apple-tree  or  the  may  ;  ami  the  great 
tropical  flowering  foiest  trees  ma}  often  be  discerned  by 

'  See  Mr.  Lowiic'.s  imiHi-  "On  tlic     fore   the   Koyal.  Society,  March  28, 
Modifications  of  the  Siinplu  and  Com-     1878. 
l)ouud    Eyes    of   Insects,"    read  be- 
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liuuiau  sight  at  almost  incredible  distances  for  the  stay- 
at-home  European. 

But  the  composite  plants  offer  by  far  the  most  instruc- 
tive example  of  the  effect  produced  after  many  genera- 
tions of  imconscious  selection  by  the  visits  of  insects. 
The  first  approach  toward  their  mode  of  aggregation 
may  be  seen  in  the  head  of  clover,  \vhere  a  number  of 
separate  little  pea-blossoms  are  collected  into  a  compact 
assemblage  by  the  shortening  of  their  several  stalks.  In 
Ihe  scabious  we  find  the  like  tendency  carried  still 
further  by  the  addition  of  a  broad  reccptach  a  bunch 

of  surrounding  leaves,  known  as  an  involu  -e,  which 
fulfils  the  protective  functions  of  a  calyx  for  the  com- 
pound group.  The  real  calyx,  however,  on  cacli  single 
blossom,  still  retains  its  original  form,  and  doubtless 
assists  in  the  performance  of  its  proper  office.  But  in  the 
true  composites,  like  daisies  or  dandelions,  the  separate 
llowers  have  almost  merged  their  distinct  individualities 
in  that  of  the  complex  whole.  The  calyx  has  become 
degraded  into  a  mere  bundle  of  hairs  (known  as  a  fcqrpus), 
which  serves  as  a  float  for  the  mature  seed,  and  forms  the 
"  clock,"  blown  away  by  village  children  from  the  withered 
dandelion  head,  as  well  as  the  gossamer-like  wings  that 
carry  the  thistle  seeds  among  the  farmer's  corn.  The  in- 
volucre here  usurps  the  whole  protective  function  :  and 
the  head  of  flowers  is  mistaken  l)y  the  ordinary  human 
observer  for  a  simrle  blossom.  lUit  if  we  look  close  into 
the  daisy,  we  see  that  its  centre  comprises  i  whole  mass 
of  little  yellow  bolls,  each  of  which  consists  of  corolla, 
stamens,  and  pistil.  The  insect  who  alights  on  the  head 
can  take  his  fill  in  a  leisurely  May  without  moving  from 
his  standing-place;  and  meanwhile  he  is  proving  himself 
a  good  ally  to  the  plant  by  fertilising  one  after  another  of 
its  numerous  ovaries.  Each  tiny  bell  by  itself  would  i)rove 
too  incons])icuous  to  attract  much  attention  from  the 
passing  bee;  but  union  is  strengtli  for  the  daisy  as  for 
the    state,  and    the    little  composites  have    found    their 
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co-operativG  systcin  answer  so  well,  that  late  as  Avas 
their  a])pcaraiice  upon  the  eartli,  they  are  generally 
considered  at  the  present  day  to  be  the  most  ninnerous 
family  Loth  in  species  and  individuals  of  all  flowerinif 
plants. 

Nor  has  the  process  of  differentiation  stopped  even  here. 
Amongst  the  composites  themselves  great  variety  may  be 
observed  in  the  means  adopted  for  the  attraction  of  insects. 
The  simplest  form  of  composite  head,  which  we  see  in  tlie 
thistle  and  the  artichoke,  consists  of  uniform  flowers,  none 
differing  in  shape  or  colour  from  their  neighbours.  Tlie 
common  English  centaury  shows  an  intermediate  stage,  in 
which  the  outer  florets  are  longer  and  larger  than  those; 
in  the  centre  of  the  head.  The  sunflower  and  the  ragwort 
advance  a  step  farther  in  the  same  direction,  their  outer 
florets  having  become  ray-shaped  or  ligulate,  but  still 
] (reserving  the  yellow  hue  of  tlie  central  mass.  The  ray 
florets,  in  these  cases,  practically  fulfd  the  functions  of 
petals,  wliile  the  inner  blossoms  continue  to  act  as  true 
lloi'al  organs.  Finally,  in  the  daisy  and  in  many  chry- 
santhemums, the  outer  florets,  besides  being  prolonged 
into  petal-lii\e  rays,  are  coloured  white,  i)ink,  mauve,  oi' 
blue,  while  tlie  central  mass  retains  its  original  colouration. 
Here  we  And  the  external  row  of  flowers  quite  diverted 
from  its  true  purpose,  and  devoted  almost  exclusively  to 
the  attractive  function. 

Even  now  we  have  not  yet  arrived  at  the  last  stages  of 
the  dillerentiating  process.  The  complex  heads  of  ilowers 
tlius  formed  again  unite  into  still  more  complex  masses. 
The  daisy  and  the  suirllower  bear  only  oim  composite  head 
on  each  stalk,  but  the  common  thistle  produces  a  whole 
mass  of  heads  in  a  kind  of  umbel,  and  the  ragwort  has 
bunches  of  such  umbels  growing  together  side  by  side. 
In  the  grounds(d,  each  head  of  flowers  looks  like  a  single 
blossom  •  in  milfoil,  the  umbellate  form  is  almost  exactly 
reproduced  hi  still  wilder  profusion;  while  the  pretty 
wa\  liig  golden-rod  caps  the  climax  by  collecting  compounil 
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■bniulles  of  heads  into  a  many-branched  and  multitudinous 
plume.  Flowers  too  small  to  succeed  individually  thus 
succeed  in  serried  masses ;  and  masses,  a^ain,  too  small 
for  success  in  sini,do  comidexity,  acliieve  attention  in  their 
turn  by  reuniting'  into  yet  more  complex  groups. 

As  to  the  special  colouring  iiuitter  eniployed  in  each 
case,  but  little  can  be  said  as  yet  about  its  determining 
causes.  In  a  few  cases,  indeed,  wo  can  conclude  with 
some  probability  tliat  the  existing  hue  has  been  developed 
because  it  subserved,  as  such,  some  special  function. 
Thus  night-flowering  plants  are  usually  pure  wliite  or 
pale  yellov.',  the  very  colours  best  adapted  for  scattering 
tlie  scanty  moonbeams  or  the  dying  twilight,  and  so 
attracting  tlie  eyes  of  moths  and  other  crepuscular  insects. 
Again,  lla^llhaia,  Kydnova,  i^tapdia,  and  many  other  fetid 
llowers,  which  obtain  fertilisation  by  deceiving  Hies 
through  their  resemblance  to  putrid  meat,  imitate  tlie 
lurid  appearance  as  well  as  the  noisome  snudl  of  cariion. 
Many  orchids  are  believed  to  be  coloured  in  mimicry  of 
insects,  either  for  the  sake  of  attraction  or  of  protection 
from  liurtful  creatures.  Other  flowers  appear  to  cater 
specially  for  the  ])eculiar  tastes  of  certain  in.sects.  whicli 
exhibit  a  preference  fcr  red,  blue,  yelhnv,  or  ori.uge,  as 
the  case  may  be,  and  these  will  receive  more  extoiMled 
treatment  in  the  succeeding  chapter.  Sir  John  Lubbock 
thinks  that  the  lines  or  spots  on  many  flowers  act  as 
guides  for  the  bees,  pointing  out  the  exact  spot  where 
the  honey  may  be  found ;  and  Fritz  Miiller  suggests  that 
their  changing  hues  serve  as  time])iec,'S  to  sliow  the  right 
moment  for  eHecting  fertilisation.!  But  in  the  majority 
of  cases  we  cannot  point  to  any  such  special  determining^ 
cau.se  for  the  particular  liue  which  we  find  in  nature.  It 
is  known  that  the  colouring  matters  of  flowers  may  b' 
divided  into  two  classes,  the  xanthic  and  the  n/rt/i/^-^hosc 
types  are  respectively  yellow  and  blue;  and  these  two 
classes  do  not  readily  pass  into  one  another.     Thus,  wc 
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Ciiiiiiot  hfivc  a  blue  rose  or  a  bliiG  dalilia,  though  we  may 
vary  the  hues  of  either  blossom  by  proper  treatment 
almost  indefinitely  within  the  prescribed  limit.  Hence, 
it  might  appear  that  each  flower  produced  as  a  rule  those 
colours  which  most  readily  result  from  the  chemical 
properties  of  its  constituents,  varying  the  tint,  so  far  as 
possible,  nnder  the  influence  of  insect  selection,  in  accord- 
ance with  the  nature  of  the  percipient  eye,  of  the  sur- 
rounding foliage,  PTid  of  other  adventitious  circnmstances 
in  the  environment.  It  might  well  happen,  however,  in 
the  majority  of  cases,  that  any  bright  colour  would  equally 
answer  the  attractive  purpose,  supposing  only  it  contrasted 
sufficiently  with  the  green  leaver  or  other  objects  in  the 
natural  background.  Such,  at  least,  we  know  to  be  the 
fact  with  the  eye  of  man,  who  is  struck  indifferently  by 
the  golden  orange,  the  ruddy  strawberry,  the  rosy-cheeked 
mango,  or  the  purple  grape. 

With  regard  to  the  infinite  variety  of  tints  which  we 
find  in  various  flowers,  it  is  sufUcient  to  remember  that 
very  slight  alterations  in  the  physical  conditions  or  in 
the  particular  stock  suffice  artificially  to  produce  such 
varieties  among  cultivated  plants.  Any  one  who  looks 
at  the  multitudinous  shades  of  garden  hyacinths,  dahlias, 
fuchsias,  chrysanthemums,  tulips,  and  pansies,  need  not 
wonder  at  the  great  profusion  of  colour  in  wihl  plants. 
Almost  any  shade  seems  easily  procurable  from  another, 
provided  only  it  does  not  overstep  the  natural  limitation 
set  down  above.  In  all  prob;d)ility,  the  ordinary  colouring 
matters  of  flowers  difTer  from  one  another  only  in  the 
minutest  particulars  of  chemical  composition. 

So  far  we  have  been  engaged  in  answering,  to  the  l.)est 
of  our  knowledge,  the  fust  question  ])ro])Osed  above :  Did 
flowers  show  an  original  tendency  to  the  produel  ion  of 
coloured  adjuncts  even  ])rior  to  the  selective  action  of 
insects  ?  We  have  settletl  to  our  own  stitisfaction — I  hope 
also  to  the  satisfaction  of  the  critical  reader — that  such  an 
original  and  adventitious  tendency  did  really  e.\ist;  and 
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we  have  traced  it  up  tliroufih  its  various  sta<i[es,  as  it 
became,  from  generation  to  generation,  more  ami  more 
])urposive,  until  at  last  we  have  seen  it  culminate  in  ihe 
gorgeous  peonies,  tulips,  lilies,  and  rhododendrons  of  our 
modern  flower-gardens.  l)ut  all  this  time  we  have;  been 
putting  oil"  the  consideration  of  our  second  question:  Did 
insects  possess  any  tendency  vaguely  to  discriminate  the 
various  colours  apart  from  the  reactive  influence  of  ento- 
mophilous  flowers  ?  To  this  further  inquiry  we  nuist  now 
address  ourselves  for  a  few  short  minutes. 

The  answer  must  be  a  somewhat  dubious  one — in  a 
certain  sense  negative,  in  another  sense  affirmative.  There 
is  no  reason  to  think  that  insects  could  be  definitelv 
aflected  by  various  colours  before  the  rise  of  bright-hueil 
flowers  had  developed  their  colour-sense.  JUit  we  must 
remember  that  while  colours  differ  qualitatively  for  us, 
they  also  differ  quantitatively  in  an  absolute  manner. 
Now,  "to  be  aflected  more  or  less,"  as  I'rofessor  Bain  well 
puts  it,  "is  a  consequence  of  being  affected  at  all;"  a''  i 
therefore  every  animal  which  has  any  organ  for  the  ^er- 
ception  of  light  must  be  capable  of  quantitatively  diffei- 
ential  stimulation  by  its  greater  or  less  intensity.  Herein 
we  have  a  slight  original  groundwork  through  which  white 
might  be  distinguished  by  the  primitive  eye  from  green, 
brown,  or  black.  But  the  growth  of  a  distinctive  mode  of 
consciousness,  or,  to  put  it  objectively,  of  distinct  nerve- 
organs  for  the  various  waves  of  iether,  must  needs  have 
been  the  result  of  long  ages,  during  which  those  insects 
who  best  discriminated  colour  lived  down  on  the  average 
their  less  gifted  compeers.  How  this  result  was  brought 
about  we  cannot  oven  guess,  for  hei'C  we  find  ourselves  on 
the  tiireshold  of  an  ultimate  metaphysical  problem,  un- 
fathomable as  yet — perhaps  unfathomable  for  ever  !  Why 
the  sensations  of  the  auditory  central  organs  should  differ 
from  those  of  the  optical  central  organs;  wliy  the  stimula- 
tion of  a  certain  fibre  and  its  connected  ganglia  sliould 
yield  the   feeling  of  blue,  while  the    stimulation  of   its 
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iiciglibour  yields  that  of  rod — these  iinal  questions  we 
eaniiot  even  pretend  to  o-uess.  J[ow  tlie  din'erentiation 
heuan,  how  it  continued,  bow  it  acts  to-day,  we  do  not 
know,  and  very  probably  Me  may  never  know,  liut  we 
do  know  this,  that  in  a  developed  aensoriuni  a  differential 
sensation  is  attaclu'd  to  the  dillerential  stimulation  of  eacl) 
among  several  verv  like  nervous  bodies ;  and  that  if  it  were 
not  so,  consciousness  itself  would  be  impossible. 

Passing  over  this  ultimate  proldeni,  however,  it  is  not 
dillicult  to  see  how  a  substance  so  unstable  and  so 
modifiable  as  nerve-matter  might  easily  present  various 
modifications  which  answered  to  the  various  varieties  of 
icther-wave  falling  upon  it.  If  once  such  diflerentiated 
nerve-terminals  began  to  exist,  all  experience  and  analogy 
show  us  that  they  would  be  followed  by  the  difierentiation 
of  their  connected  nerve-centres,  to  each  of  which,  in  this 
mysterious  way,  a  differentiated  mode  of  consciousness 
would  come  to  be  attached.  And  this  is  what  we  mean 
by  cohuir-sense. 

Vague  aiul  symbolical  as  such  a  sketch  confessedly 
must  be,  it  M'ould  be  foolish  and  premature  to  fdl  in  any 
further  conjectural  details  in  the  present  state  of  our 
knowledge.  We  must  accept  it  as  a  bare  skeleton  of  the 
possible  tr  i.li  which  fuller  acquaintance  with  the  nature 
of  nerve-sub.jtance  may  some  day  llesh  out  for  us  in  all  its 
minor  aspects.  Ihit  Ave  are  not  wholly  without  analogies 
which  allow  us  faintly  to  foreshadow  in  our  mirds  some 
indefinite  hypothesis  of  its  evolution.  "We  know  that  a 
single  material,  such  as  glass,  may  be  so  moulded  into  globes 
that  each  globe  will  n(jt  only  yield,  when  struck,  a  single 
constant  note,  but  will  also  answer  sympathetically  to  that 
note  alone  when  sounded  on  another  instrument.  Now  if 
we  suppose  that  the  nerve-terminals  of  tlie  insect  eye  were 
similarly  tuned  at  first,  but  so  badly  as  to  vibrate  sympa- 
ihetically  with  the  whole  gamut  of  separate  lether- waves, 
we  shall  have  a  symbolical  ])icture  of  an  eye  without  a 
colour-sense.     But  if  we  further  su])pose  that,  under  the 
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influcnco  of  sundry  incident  causes  unknown,  certain 
(unong  these  nerve-terrnina'i-,  Lecaniu  restricted  in  the 
range  of  tlieir  synipatliies,  so  as  only  to  vibrate  in  unison 
with  aither-waves  having  a  limited  range  of  frequency, 
then  we  shall  have  a  symbolical  jjicturo  of  an  eye  with  a 
rudimentaiy  colour-sense.  And  if  natural  selection,  pick- 
ing out,  as  we  know  it  would,  from  the  whole  number  of 
variations  in  either  direction  those  wliicli  varied  most  on 
the  side  of  a  still  more  limited  range,  at  last  produced 
terminals  wluch  were  aHected  only  by  waves  lying  within 
an  extremely  small  compass,  we  should  then  have  the 
symbolical  picture  of  an  eye  with  a  highly  developed 
colour-sense.  Ilude  a.s  this  representation  of  the  possible 
course  of  evolution  must  obviously  be,  it  may  still  answer 
the  purpose  of  enabling  the  reader  diagrammalically  to 
grasp  the  idea  whicli  would  otherwise  lloat  vaguely  through 
his  mind  and  elude  every  attem])t  to  fix  and  crvstallise  it 
into  thought.  More  than  this  humble  service  our  rough 
and  materialistic  metaphor  cannot  jiretend  to  perform. 

And  now,  to  recapitulate  the  chief  points  of  ihis  lengthy 
chaptei',  let  us  look  back  in  imagination  over  the  whole 
complex  process  here  so  imperfectly  sketched  out,  and 
state  our  hyi^othetical  conclusions,  for  clearness'  sake,  in 
the  language  of  established  fact.  Amid  the  earliest  forests 
of  our  earth,  green  cryptogamic  vegetation  formed  the 
whole  flora.  But  as  time  went  on,  the  advantages  of 
cross-fertilisation  produced,  through  some  unknown  com- 
bination of  circumstances,  the  earliest  flowering  plants. 
These,  strengthened  by  the  constant  infusion  of  fresh 
blood  (to  use  the  familiar  i)hrase),  lived  down  the  con- 
sanguineous offspring  of  the  great  ferns  and  liorse-taiLs 
amongst  which  they  grew,  liut  such  primeval  flowering 
species  were  all  fertilised  by  the  aid  of  the  wind,  and 
possessed  no  bright  corollas  or  other  coloured  adjuncts. 
The  aspect  of  a  pahieo/.oic  forest  presented  an  almost  un- 
broken sheet  of  monotonous  verdure.  Even  then,  how- 
ever, a  tendency  towards  the  production  of  red  or  yellow 
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Juici!.s  iiud  otli(!r  "olourin,!,'  matters  niitilit  liuvi'.  Itcon  nolircd 
in  (icitaiii  portions  of  tlio  diireront  plunls.  TIio  teiidtMH^y 
\\;is  especially  displayed  in  those  ]iavts  of  the  or^fanism 
wliere  cncp^ics  \V(;i'e  licinif  nsed  np  in  the  perfornianoe  of 
physioln-^ical  fnnctions  ;  this  ell'ect  l)cin,<^  dne,  perlia;)s,  to 
the  ]>ro('ess  of  oxidation.  Snch  phenonu'n.i  Tni|;iit  he 
noticed  both  in  the  dyinj:,'  leaves  and  in  the  youn<:fest 
siiools  ;  but  th(!y  uere  also  to  be  found  in  the  floral  organs 
and  their  nei^hbourliood.  As  yet,  liowcver,  no  eye  could 
distinguish  them  as  cohjurs :  they  liad  oidy  an  objectiv(> 
existence  as  lether-waves  of  unusual  simplicity  and  purity, 
liut  anumiT  tliesc;  ilowers  a  few  undciveloped  and  unspe- 
I'ialised  insects  sought  their  food.  Sonic  of  the  blossoms 
thus  obtained  fertilisation  more  easily  than  before;  and 
those  among  them  which  oflered  special  atti-aetions  to  tla; 
insects  were  able  to  ellect  a  gi-eat  ecoiu)my  of  pollen, 
l)esitles  being  impregnated  with  immenselv  greater  cei'- 
tainty  than  their  anemoj)liilous  comj^etitors.  Thus  certain 
]>lants  became  permanently  and  regularly  entor.io]>hilous. 
Thenceforward  those  entomophilous  jilants  Avhich  pro- 
duced th(!  greatest  quantities  of  insect  food,  as  lioney  or 
])(dlen,  were  ipost  often  visited,  and  so  most  regulai'ly 
fei'tilised.  Again,  out  of  this  number,  Avhatever  indivi- 
duals most  conspicuously  displayed  the  origiiud  tendency 
toward  bright  and  distinctive  colouration  were  most 
likely  to  strike  the  eyes  of  insects.  Conversely,  whatever 
insects  most  readily  discriminated  the  nascent  patches  of 
colour  were  l)(\st  able  (other  things  equal)  to  secure  their 
food.  So  the  production  of  coloured  floral  whorls,  and  the 
perfectioning  of  the  insect  colour-sense,  went  on  ]iro- 
gressing  side  by  side.  The  various  fhnvers  entered  into 
unconscious  competition  with  one  another  for  the  visits 
of  their  fertilisers  ;  and  those  which  could  specially  lay 
themselves  out  for  the  attention  of  a  single  species  thereby 
procured  impregnation  with  greater  ea-e  and  certainty. 
Thus  arose  the  quaintly-shaped  bells,  labiates,  snap- 
dragons, orchids,  and  other  irregular  flowers,  whoso  forms 
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nro  definitely  cnuclatecl  io  tlioso  <jf  ilioir  insect  allies. 
Similarly,  an  insect  with  a  specially  lonj^'  proboscis,  and 
Avitli  certain  hairy  ap])endaL;es  on  his  Ie;^s  or  forehead, 
)ni,i,dit  at  once  abstract  honey  from  flowers  which  no  other 
insect  cotdd  reach,  and  fei'tilise  deeply-seated  (nutans 
M'hich  no  (ither  insect  wouhl  afl'ect.  Thus  arose  the 
H[)ecialised  llower-feeders  like  bees  and  butlerllies.  A,L;ain. 
other  flowers  which  separately  failed  to  attract  thepro])er 
insects  niiuht  prove  very  alluring'  when  massed  in  lar^o 
bunches.  The  result  is  seen  in  the  devi'Iopnumt  of  com- 
pound blooms  like  clover,  lilac,  horse-elu^stnut,  and  the 
various  composites,  which  last  undergo  still  further  S(dec- 
tions,  ultimately  jiroducing  yet  more  compound  forms. 
At  length  the  colour-sense  of  insects,  thus  arouseil, 
strengthened,  and  fully  developed,  is  employed  for  other 
purposes,  of  defence,  protection,  the  chase  after  }irey,  the 
search  for  mates,  or  similar  life-serving  actions;  and  these; 
activities  once  more  react  on  the  growing  sense,  so  as  to 
increase  its  deiiniteness  and  its  worth.  Last  of  all,  the 
colour-sense  is  emi)loyed  by  the  insects  themselves,  as  W(» 
shall  see  in  a  future  chapter,  as  an  lesthetic  instrumeni 
in  the  choice  of  mates,  and  so  indire(;tly  produces,  through 
sexual  selection,  the  brilliant  hues  of  butteillies,  beetles, 
and  all  the  other  exc^uisite  winged  or  creeping  articulates 
which  fill  the  gorgeous  cabinets  of  our  museums. 

In  this  list  of  whiit  the  colour-sense  owes  to  the  hues 
of  blossoms,  we  might  fift'ther  include  many  facts  with 
regard  to  humming-birds,  sunbirds,  and  v)ther  flowei 
feeding  vertebrates.  Dut  these  belong  proi)erly  to  a  latei' 
stage  in  our  inciuiry ;  and  enough  has  already  been  said 
or  hinted,  I  believe,  to  show  how  fundinnental  a  fact  in 
the  history  of  the  colour-sense  and  its  reactions  is  the 
in-imitive  tendency  towards  the  display  of  bright  lines 
around  the  floral  reproductive  organs.  Already  we  have 
here,  indeed,  the  origin  of  many  among  those  brilliant 
objects  which  we  noted  as  wanting  in  the  Carboniferous 
world — the  v.orld  without  a  colour-sense.     We  must  here- 
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iil'ter  j,fo  on  to  iiiqiiiro  wliat  was  tlic  devolopmcnt  of  tlifl 
remainder ;  and  we  shall  find,  when  wc  searcli  tlic  records 
of  (jvolution,  that  no  small  })roportion  of  these,  too,  may 
be  uliimatoly  traced  back,  tlirouf,di  some  remote  and  in- 
direct ])ed:grec!,  to  the  lovely  and  varied  tints  of  tropical 
or  woodland  flowers. 
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Throughout  the  whole  of  the  preceding  chapter  we  have 
taken  for  granted  the  existence  of  a  developed  colour- 
sense  in  some  at  least  amongst  the  insects  of  modern 
times.  We  have  tried  to  show  what  were  the  circum- 
stances which  gave  it  origin,  and  what  the  steps  by  which 
it  reached  its  present  supposed  perfection.  But  now  a 
deeper  question  arises,  a  questic*i  due  to  a  destructive 
criticism  which  might  seek  to  overthrow  our  whole  super- 
structure by  denying  that  modern  insects  do,  as  a  matter 
of  fact,  possess  any  colour-sense  whatsoever.  In  the  face 
of  such  a  possible  criticism  we  must  review  all  tlie  various 
proofs  of  colour-perception  in  articulate  animals  which 
experiment  or  observation  may  reveal  to  our  patient 
search. 

Tliis  course  is  rendered  the  more  necessary  because 
within  the  last  few  years  the  existence  of  a  faculty  for 
the  discrimination  of  different  hues,  even  in  primitive 
man  himself,  has  been  gravely  called  in  question,  both 
in  this  country  and  in  Germany,  by  competent  authorities 
in  various  walks  of  science  or  criticism.  Mr.  Gladstone 
first  suggested  tliat  the  Homeric  poems  contained  no 
evidence  of  a  colour-sense  amongst  the  Akhaians  of  that 
early  date.i  Many  years  later.  Dr.  Lazar  Geiger  noticed 
that  the  colour-words  employed  in  the  Bible,  the  Vedas, 
the  Zend-Avesta,  and  other  early  works,  were  very  vague 

'  Gladstone,  "Studies  on  Homer,"  vol.  iii.  §  4. 
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and  iudetGniiinate.^  Dr.  Magnus,  a  distinguislied  German 
oculist,  next  followed  up  the  liiut  thus  thrown  out,  and 
endeavoured  to  prove,  in  two  learned  pamphlets,^  that  the 
colour-perception  of  civilised  man  was  a  faculty  of  quite 
recent  development,  and  that  so  lately  as  some  3000  years 
ago  mankind  was  utterly  incapable  of  distinguishing 
between  violet,  green,  blue,  and  yellow.  These  views 
were  further  popularised  by  Mr.  Gladstone  in  a  later 
paper,^  and  have  been  partially  adopted  by  several 
scientific  authoiities,  including  even  that  staunch  evolu- 
tionist, Mr.  A.  li.  Wallace,  the  joint-discoverer  of  natural 
selection.*  Indeed,  although  the  allegations  of  Dr. 
Magnus  and  his  friends  have  not  gone  entirely  un- 
answered,-'^ yet  it  would  seem  as  though  the  scientific 
world  generally,  in  Germany  at  least,  was  prepared  to 
accept  them  as  representing  the  approximate  truth. 

To  the  evolutionist,  however,  this  crude  and  ill-digested 
theory  can  hardly  seriously  reconnnend  itself.^  The  sup- 
position that  any  mode  of  perception  so  distinct  and  so 
varied  as  our  colour-sense  could  be  developed  in  the 
short  space  of  time  intervening  between  the  Homeric 
Akhaians  and  our  own  epoch  seems  little  short  of  in- 
credible. The  few  centuries  which  have  rolled  past 
during  that  interval  form  but  a  single  pulse  of  the  pen- 
dulum whose  seconds  make  up  the  epochs  of  geological 
evolution.     To  me,  it  aj)pear3  rather  that  the  colour-sense 
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'  ZiirEntwickelung.sge.si;hiclite  der 
Menschheit,  chap,  iii.,  pussim,  Stutt- 
gart, 1871. 

-  ])icGeschichtliclie  Eritwickclung 
des  Fiirbensiniies,  Leipzig,  1877,  and 
ill  Preyer's  IMiysiologischer  Auliaiid- 
lungcn,  I.  ix.  515. 

^  "The  Colour-Sense"  in  "Nine- 
teentli  Century,"  October  1877. 

■•  "Colour  in  Aiiiiniils  am!  I'liints," 
"  Macmillan's  Magazine,"  October 
1877. 

'  Headers  desirous  of  following  up 
the  wliole  discussion  will  find  i)apers 
oti  this  question  by  Mr.  Darwin  and 
Dr.  Krause  in  "Kosmos,"   1877,  pp. 


264, 423;  by  an  anonymou.s  critic  in  the 
Allgeineine  Zeitung,  March  8,  1878 ; 
by  I'rof.  lilackie,  read  before  tlie 
]{oyal  Society  of  Hdiuburgh,  January 
1878 ;  by  Prof,  lloljertsou  Smith  in 
"Nature,"  December  6,  1877;  by 
Dr.  Pole  in  "Nature,"  October  24 
and  3r,  1878;  and  by  myself  ill 
"Mind,"  January  1878. 

^  I  learn  by  a  private  letter  frora 
Mr.  Wallace  tliat,  on  fuller  considera- 
tion, he  cannot  endor.se  Dr.  Magnus's 
viewa  so  implicitly  as  he  was  at 
first  inclined  to  do,  and  he  has  since 
piitiiilly  retracted  his  adhesion  in 
"Tropical  Nature,"  p.  246. 
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of  man  is  derivod,  througli  his  mammalian  ancestry,  from 
a  lonj^  line  of  anterior  generations,  and  that  its  origin 
mnst  be  sought  for  in  ages  before  a  solitary  quadrumanous 
animal  had  appeared  upon  the  face  of  the  earth.  Hohling 
tiiis  view,  it  becomes  incumbent  on  me  to  propose  a 
counter-theory  to  that  of  Dr.  Magnus  and  Mr.  Gladstone  ; 
a  theory  which  will  trace  back  our  colour-sense  to  its 
ultimate  sources  in  the  bright  Imes  of  vegetal  products 
like  fruits  and  flowers.  And  it  becomes  necessary  also  to 
seek  for  every  possible  fact  which  goes  to  prove  the 
existence  of  a  similar  faculty  throughout  tlie  whole 
animal  world.  For  if  even  man  himself,  "  the  head  and 
crown  of  things,"  did  not  possess  any  such  power  until  a 
few  hundred  years  since,  how  can  we  suppose  that  the 
lower  animals,  including  the  humble  little  insects,  have; 
been  for  ages  in  enjoyment  of  this  highest  sensuous  gift  ? 
It  may  be  asked,  however,  "  Why  take  the  trouble  to 
search  for  recondite  proofs  on  such  a  plain  and  straight- 
forwaid  subject  ?  Why  not  try  at  once  a  few  simple  and 
direct  experiments  upon  the  colour-perception  of  various 
insects,  beasts,  and  birds  ?  "  The  suggestion  is  a  natural 
one,  and  yet  it  is  not  so  easy  to  act  upon  as  would  at  first 
appear  to  be  the  case.  l^iXperiments  of  the  sort  are 
difficult  to  devise,  and  still  more  difficult  to  carry  out 
successfully  to  any  definite  result.  We  cannot  ask  the 
animals  to  detail  their  sensations,  and  we  find  it  hard  to 
invent  decisive  or  crucial  tests  of  an  objective  character. 
A  few  lucky  exceptions  will  be  described  in  the  following 
pages,  but  they  are  mere  oases  amongst  a  desert  of  lament- 
able failures.  As  a  rule,  animals  refuse  in  the  most 
provoking  manner  to  take  any  notice  of  the  psychological 
traps  which  you  have  carefully  baited  as  tests  of  their 
sensations.  For  the  most  part,  we  must  rely  upon  the 
less  satisfactory  method  of  observation,  and  u]-»on  various 
indirect  conclusions,  each  of  wliich  lias  separately  very 
little  weight.  In  short,  the  evidence  in  favour  of  a  cohtur- 
sense  amongst  the  lower  aninuils  is  purely  cumulative.  Each 
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link  in  tho  aigument  is  but  a  slender  support;  yet  I  hope 
tu  show  us  we  proceed  tliat  the  whole  strand,  formed  of 
variously  twisted  chains,  is  collectively  strong  enough  and 
SI,  re  enough  to  support  the  burden  of  a  weighty  conclusion. 
Happily,  as  regards  the  higher  insects,  we  can  start  fair 
with  a  set  of  decisive  experiments  tried  by  Sir  Joliu 
Lubbock.  That  patient  and  minute  observer  saw  grounds 
for  believing  that  bees  were  attracted  by  tlie  hues  of 
flowers.  However,  to  make  assurance  doubly  sure,  he 
placed  slips  of  glass  smeared  with  honey  on  paper  of 
various  colours,  black,  white,  yellow,  orange,  blue,  and 
red.  The  general  results  may  be  given  in  the  original 
words.  "  A  bee  which  was  placed  on  the  orange  returned 
twenty  times  to  that  slip  of  glass,  only  once  or  twice 
visiting  the  others,  though  I  moved  the  position  and  also 
the  honey.  The  next  morning  again  two  or  three  bees 
paid  twciity-one  visits  to  the  orange  and  yellow,  and  only 
four  to  all  the  other  slips  of  glass.  I  then  moved  the 
glass,  after  which,  out  of  thirty-two  visits,  twenty-two 
were  to  the  orange  and  yellow."  ^  However,  this  prefer- 
ence did  not  depend  upon  an  inability  to  discern  the  blue, 
for  on  another  occasion,  says  the  author,  "  I  had  ranged 
my  colours  in  a  lino,  with  the  blue  at  one  end.  It  was 
a  cold  morning,  and  only  one  bee  came.  She  had 
been  several  times  the  preceding  day,  generally  to  the 
honey  which  was  on  the  blue  paper.  This  day  also  she 
came  to  the  blue.  I  moved  the  blue  gradually  along  the 
line  one  stage  every  half  hour,  during  which  time  she 
paid  fifteen  visits  to  the  honey,  in  every  case  going  to 
that  which  was  on  the  blue  paper."  Sir  John  Lubbock, 
however,  never  relies  upon  single  or  few  experiments. 
Accordingly,  he  tried  once  more  at  a  later  date  with 
greater  variation  in  the  circumstances.  "  On  the  I2th  of 
-July,"  he  says,  "  I  brought  a  bee  to  some  honey  which  1 
placed  on  blue  paper,  and  about  three  feet  off  I  placed  a 


'  Journal  of  the  Liinieiin  Society,    ing     me    coi)ies    of    all    his    jmpera 
vol.  xii.  J).  129.     I  liavf!  to  tliank  Sir    and     lectures    on    this 
tJohu  Lubbock   for   kindly  forward-    question. 
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similar  quantity  of  honey  on  orange  paper.  After  slu^ 
liad  returned  twice,  I  transposed  the  papers ;  hut  slie 
returned  to  the  honey  on  tlie  hlue  paper.  After  slie  liad 
made  tliree  more  visits,  always  to  the  blue  pap(?r,  I  trans- 
j)0sed  them  again,  and  she  again  followed  the  colour, 
though  the  honey  was  left  in  the  same  place."  A  series 
of  careful  observations  followed,  which  are  detailed  in  a 
tabular  form  ;  but  my  readers  will  probably  be  satisli(>d 
with  a  general  summary,  to  the  elTect  that  thirty  conse- 
cutive visits  were  all  made  to  the  same  colour,  in  spite  of 
four  separate  transpositions.  On  one  of  these  occasions, 
says  Sir  John,  "At  8.5  she  returned  to  the  old  place, 
and  was  just  going  to  alight ;  but  observing  the  change  of 
colour,  without  a  moment's  hesitation  darted  off  to  the 
blue.  No  one  who  saw  her  at  that  moment  could  have 
entertained  any  further  doubt  about  her  perceiving  t!i(! 
difference  between  the  two  colours."  ^ 

Similar  results  were  obtained  with  wasps.  At  6  a.m. 
on  September  13,  1875,  Sir  John  observes,  "  I  put  a  was]) 
to  somo  honey  on  green  paper  and  about  a  foot  off  I  put 
some  more  honey  on  orange  paper.  The  wasp  kept  re- 
turning to  the  honey  at  the  usual  intervals.  At  8.30  I  trans- 
posed the  papers;  but  the  wasp  followed  the  colour.  At 
9  o'clock  I  transposed  the  papers  again,  but  not  the  honey  ; 
she  returned  again  to  the  green,  from  which  it  would  ap- 
pear that  slie  was  following  the  coiour,  not  the  honey. 
At  10.20  I  again  transposed  them,  witli  the  same  result."  '^ 

It  should  Ijo  mentioned,  however,  that  later  experi- 
ments led  Sir  John  Lubbock  to  the  conclusion  that  bees  do 
not  so  easily  discriminate  between  blue  and  green  as  b(!- 
tween  other  colours — a  very  natural  fact,  considering  how 
slight  is  the  ol)jective  difference  between  these  shades.  It 
would  also  appear  that  though  wasps  can  distinguish 
colours,  they  are  less  guided  by  them  than  is  the  case 
■  with  bees.^     This  we  might  have  expected  a  yriori  from 

'  Journal  of  the  Linneun  Society,         ••  See  part  iv.  of  Sir  Jolm  Lubbock's 
vol.  xii.  p.  232.  investigations  in  Journ.    Liim.  Soc, 

^  Ibiil.,  p.  237.  vol.  xii.  p.  512  «((/. 
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the  diversity  of  habits  of  tlio  two  insects,  and  we  shall  soo 
liereafter  that  the  diflereiii^e  has  important  bearings  oa 
the  «iuestioii  of  relative  tastes. 

With  respect  to  ants,  Sir  Johii  Lubbock's  exj)erinients, 
thouj^h  read  before  the  Linneau  Society,  have;  not  ut  tl^e 
ilate  of  wiilinj,'  yet  been  published  in  its  Transactions.  It 
must  sullice,  therefore,  without  anticipating  the  author's 
statement,  to  notice  here,  tliat  thou<^h  these  insects  are 
very  defective  in  the  sense  of  vision,  de])endin!4'  much  more 
hirgel}^  upon  touch  and  smell,  tliey  are  evidently  adected 
in  a  distinctive  manner  bv  the  red  and  violet  ends  of  the; 
spectrum.  Of  course  the  habits  of  ants  -would  not  lead  us 
to  credit  them  with  the  necessary  circumstances  for  giving- 
rise  to  a  developed  colour-sense ;  nor  are  their  reactions 
on  external  nature  of  the  sanu'  it-irtling  character  as  those 
which  we  observe  in  the  case  of  the  fully-winged  insects, 
like  bees  and  butterllies.  Nevertheless,  it  is  interesting 
to  observe  that  even  here  a  groundwork  of  faint  discri- 
mination evidently  exists,  which  might  possibly  have  been 
developed  into  a  perfect  sense  had  the  circunjstances  of 
ant-life  so  deienijlMC''  its  evolution. 

Observation  in  many  ways  confirms  the  results  thus 
obtained  by  experiment.  Let  us  looic  iirst  at  the  evidence 
on  this  head  which  can  be  derived  from  the  visits  of  bees 
and  butterllies  to  llowers. 

We  have  seen  already  that  one  main  difference  between 
anemophilous  and  entomophilous  llowers  consists  in  the 
fact  that  while  the  former  are  usually  small,  greenish,  and 
inconspicuous,  the  latter  are  usually  large,  brilliant,  and 
deej)ly  coloured  with  white,  red,  blue,  or  yellow.  We 
have  the  high  authority  of  Mr.  Darwin  for  the  statement, 
as  an  invariable  rule,  "That  when  a  llower  is  fertilised  by 
the  wind  it  never  has  a  gaily-coloured  corolla."*  And 
though  the  converse  proposition  is  not  strictly  true  in 
evciy  case,  yet  a  large  proportion  of  those  blossoms  which 


^  Origin  of  JJiieciea.  |>.  127. 
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depend  for  feitilisiitioii  u])oii  insects  arc  noticeable  for 
tlieir  bright  and  ilaunting  lines. 

Now,  the  structnres  in  -which  the  brilliant  pigments 
reside  have  absolntely  no  function  except  that  of  attract- 
ii:  •;  t'-e  insect  agents  for  fertilisation.  ]iut  these  striic- 
tm.'  as  we  have  already  seen,  are  produced  by  the  plant 
at  an  enormous  physiological  cost,  often  so  as  to  engage 
by  far  the  greater  portion  of  all  its  energies.  Unless  we 
idlow,  then,  that  roses,  tulips,  lilies,  and  rhododendrons 
jiave  developed  their  large  and  showy  corollas  for  the  sake 
of  alluring  their  insect  allies,  M-e  shall  be  reduced  to  believe 
that  they  have  produced  these  expensive  and  useless  ad- 
juncts for  no  other  purpose  than  that  of  wasting  their 
substance  in  riotous  living.  Such  a  supposition  involves 
a  simple  physical  absurdity.  If  any  plant  could,  by  any 
accidental  combination  of  circumstances,  once  acquire  so 
bad  a  habit,  it  must  necessarily  stand  at  a  disadvantage  in 
comparison  with  all  other  plants,  and  so  be  quickly  extin- 
guished in  the  ceaseless  struggle  and  competition  of  ter- 
restrial life.  "We  cannot  for  a  moment  believe  that  any 
structure  could  exist  at  all,  far  less  spread  itself  through 
all  the  most  successful  species  of  a  dominant  class,  unless 
it  subserved  some  function  of  great  utility  to  the  organism 
in  which  it  is  found. 

Nor  are  we  left  here  entirely  to  such  a  irriori  reasoning. 
It  happens  that  a  few  aberrant  plants  possess  two  forms  of 
flowers — the  one  entoniophilous,  and  often  appearing  in  the 
spring ;  the  other  self-fertilised,  and  often  appearing  in  the 
autumn.  Of  this  phenomenon  the  common  violet  oflers  a 
well-known  example.  The  entoniophilous  blossoms,  which 
seem  to  be  frequently  sterile,  and  to  answer  the  purpose 
of  such  occasional  cross-fertilisation  as  may  keep  up  the 
vigour  of  the  stock,  are  distinguished  by  the  usual  coloured 
corolla,  as  well  as  by  a  sweet  and  attractive  perfume  in 
certain  species.  But  the  self-fertilised  or  ckisto<jamoufi 
blossoms,  which  in  many  ways  recall  the  spore-cases  of 
cryptogams,  are  quite  green  and  inconspicuous,  so  much 
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so,  Unit  no  ordinary  ohsorvor  would  call  them  flowers  at 
all,  hut  would  set  tlicm  down  as  fruits  or  seed-vossoLs. 
Those  latter  blossoms  do  most  of  llie  ellectivo  roproductivej 
work;  hut  as  they  do  not  aim  at  cross-fertilisation,  and  so 
do  not  require  tho  aid  of  insects,  they  have  entirely  lost 
all  semblance  of  coloured  floral  whorls,  and  consist  merely 
of  hidd(!n  fructifying  elements.  Thus  nature  herself,  as  it 
were,  mak(!S  an  experiment  for  us  Avhich  clearly  demon- 
strates, hv  the  Method  of  Diffennice,  the  real  function  of 
the  pij^numted  corolla. 

Like  results  are  shown  in  the  case  of  many  plants  hc- 
lonj^ing  to  mainly  entomophilous  families.  1'rue  anemo- 
philous  llowers,  whose  ancestors  have  been  anemophilous 
for  all  past  generations,  and  have  never  learnt  to  depend 
upon  insects  at  all,  possess  only  the  two  efiective  sexual 
whorls,  with  at  most  some  appendage  having  more  or  less 
the  nature  of  a  calyx.  ]>ut  certain  plants,  which  appar- 
ently belong  by  descent  to  mainly  entomoj)hilous  tribes, 
seem  to  have  dropped  the  habit  of  insect-fertilisation,  and 
to  have  reverted  once  more  to  wind-fertilisation.  In  all 
(or  almost  all)  these  cases,  whore  the  coi'olla  still  exists  at 
all  in  a  rudimentary  form,  bearing  witness  to  their  ances- 
tral habit,  the  petals  have  gi'own  quite  small  and  dwarfed 
(because  their  original  function  is  gone),  and  have  once 
more  resumed  the  green  app(!aranco  of  ordinary  leaves. 
In  short,  we  see  that  where  flowers  require  the  aid  of 
insects  they  almost  always  bid  for  it  by  assuming  bright 
hues;  but  that  those  llowers,  anemophilous  or  cleistoga- 
mous,  which  do  not  need  their  aid,  are  normally  desticuto 
of  such  hues,  while  those  plants  wliich  once  required  their 
aid,  but  have  ceased  to  do  so,  ra[)idly  lose  their  coloured 
adjuncts,  in  accordance  with  that  Law  of  Parsimony  where- 
by all  structures  whose  functions  are  no  h)ngor  necessary 
become  finally  obsoleicent.  llow  these  facts  can  be  ac- 
counted for  if  we  suppose  insects  to  be  destitute  of  a 
colour-sense  it  would  bailie  the  cleverest  theorist  to  say. 

In  some  few  instances  we  even  possess  actual  proof  that 
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insects  arn  uttracUfd  by  the  ])n<,'lit  liuus  of  jxituls.  Thus 
Mr.  Anderson  noticed  tliat  wlien  tlie  corolhi  of  certain 
blossoms,  so  constructed  as  to  favour  or  almost  eiisui(( 
cross-fertilisation,  had  been  cut  away,  the  insects  n(!V(!r 
discovered  or  visited  the  flowers.^  "  1  proved  the  imjxjrt- 
une(!  of  tlie  ^'aily  coloured  coroUa,"  says  Mr.  Darwin,  "  i)y 
cuttint^  olf  the  lur;.;e  lower  petals  of  several  flowers  of 
Jjohdia  en7iMs,  and  these  flowers  were  neglected  by  the 
Idve-bees,  wliich  were  incessantly  visiting  the  other 
flowers."  2 

])escending  to  particular  instances,  we  find  that  while 
most  bright-cobjured  blossoms  offer  the  visiting  insect 
some  real  advantage  in  the  shape  of  honey,  other  unprin- 
cipled [dants,  trading  upon  the  general  faith  in  a  connec- 
tion between  colour  and  food,  delude  insect!^  into  visiting 
them  by  their  hue  alone.*  Again,  certain  insects,  as  Miiller 
has  observed,  visit  certain  flowers  only ;  and  in  other 
cases,  a  particular  insect,  during  a  single  day,  confiiKJS 
himself,  for  some  reason  of  his  own,  to  some  one  chosen 
species.  Numerous  naturalists  have  put  on  record  the 
preferences  which  individual  insects  have  shown  on  special 
occasions  for  one  kind  of  blossom  alone.  A  single  case 
must  suffice  for  all.  That  careful  observer,  Mr.  11.  (). 
Forbes,  saw  "  by  the  roadside,  near  Kew  Bridge  Station, 
several  species  of  Ilymenoptera,  of  the  genus  JJomhus 
principally ;  one  visited  thirty  flowers  of  Lamium  ')ur- 
pureum  in  succession,  passing  over  without  notice  all  the 
other  plants  on  the  same  bank — species  of  Cotivolvuliis, 
llulms,  Solatium.  Two  other  species  of  Bomhus  and  a 
Fieris  rapm  also  patronised  the  Lamium,  seeking  it  out 
deep  in  the  thicket,  thrusting  their  proboscos  even  into 
withered  cups,  although  the  Rttbus  flowers  were  far  more 
accessible,  and  seemed  much  more  attractive,  being  fresh 
and   well-expanded."*     The  pages  of  scientific  journals 
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1  Darwin,  "Cross  and  Sclf-Furtili-        »  Lubbock,  "  Hritish    'ildllowers,"' 
„ation  of  Plants,"  p.  87.  p.  11. 

^  Ibid.,  p.  176.  *  "Nature,"' Xovcmber  22,  1877. 
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diiriii;^'  tlie   la.st  few  yours  liiivo  positively  tc(!iut'(l  with 
.similiir  instances  from  ull  ])iirts  of  the  woild. 

Furtlicriiiore,  the  varyiii;^'  colours  of  llowcr.s  .sccia 
iuiaplcfl,  as  we  saw  in  tlin  last  chapter,  to  attract  i)arti- 
cular  insects  at  ])articular  ])('ri(j(ls  of  inlloresccnce.  I 
have  already  mentioned  the  case  of  u  Lantana  dese'ribed 
l»y  F.  .Miiller  as  altorin,i,'  in  hue  at  diflereuu  times  during 
its  maturation,  being  yellow  on  the  first,  orange  on  the 
.second,  and  jjurple  on  th(!  third  day.  "This  plant,"  says 
jNIiiller,  "  is  visited  by  various  butterllies.  As  far  as  I  have 
seen,  the  ])urple  llowei's  are  never  l(niched.  Some  species 
inserted  their  proboscis  both  into  yellow  and  into  orange 
llowers  {J)(Uiais  i'rij>piis,  PicrtH  aripa)  ;  others,  as  far  as  I 
have  hitherto  observed,  exclusively  into  the  yellow  ilowers 
of  the  first  day  UIclieoniuH  apscudrti,  Colocmx  julia,  Euraiia 
leucc).  ...  If  tiie  flowers  fell  oil'  at  the  end  of  the  first 
th'iy,  the  inflorescence  would  be  much  less  conspicuous : 
if  they  did  not  change  their  colour,  much  time  wouhl  be 
lost  by  the  butterllies  inserting  their  proboscis  in  already 
fertilised  flowers."'  In  another  species  of  the  same  genus 
the  flowers  are  lilac,  but  the  entrance  of  the  tube  is 
inaiked  with  yellow,  surrounded  by  a  white  circle.  These 
yellow  and  white  markings,  which  probably  serve  as  guides 
for  the  insect  allies,  disappear  entirely  on  the  second  day. 

And  now,  from  the  evidence  supplied  by  Ihjwcrs,  we 
may  pass  on  to  the  evidence  sujjplied  by  the  ccdours  of 
insects  themselves.  I  do  not  here  propose  to  enter  upon 
the  consideration  of  those  hues  which  depend  for  their 
origin  upon  sexual  selection;  that  part  of  our  cumulative 
ai'gument  must  be  delayed  to  a  later  chapter.  ]>ut  we 
may  fittingly  consider  at  the  present  point  the  proofs  of  a 
(tolour-sonse  in  insects  afforded  by  the  curious  phenomenon 
of  mimicry,  so  fully  illustrated  by  Mr.  WaUace  and  ]\lr. 
Jiates. 

It  is  now  an  established  fact  that  certain  animals  havo 

^  "Nature,"  November  ?9,  1877. 
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Survived  in  the  .stru;,'^le  fur  cxisleiiie  by  iiicaiiH  of  suiim! 
special  rest.'inbliince  to  oilier  Hi)ecie,s  or  to  object.s  in  llii; 
environment  which  gives  them  a  special  chance  of  (lecei\-- 
iiig  i)rey,  escaping  the  notice  of  enemies,  or  adopting  some 
similar  protective  device.  Colour  enters  largely  into  the 
s[)ecial  adaptations  thus  produced,  and  many  insects 
have  been  largely  modilied  in  their  colouration  by  the 
action  of  such  mimetic  selection,  iiut,  as  u  rule,  the 
l)ariicular  hues  or  lines  have  reference  less  to  the  eyes  of 
insects  themselves  than  to  t'iie  eyes  of  the  reptiles,  birds, 
o'-  mammals  which  prey  upon  them ;  and  these  cases  will 
therefore  be  more  fully  considered  when  we  come  to  treai/ 
of  the  colour-sense  in  vertebrates.  \n  a  few  instances, 
however,  protective  imitation  seems  to  have  been  pro- 
duced in  certain  insects  with  leference  to  the  eyes  of  other 
species  in  their  own  class ;  and  these  latter  cases  may 
properly  be  treated  under  the  present  heading. 

First  of  all,  we  may  take  the  instan>,c  of  th(jse  ilies 
which  live  in  a  sort  of  social  parasitism  among  the  hives 
or  nests  of  bees.  These  Hies  have  acquired  belts  of  colour 
and  other  imitative  appendages  closely  resembling  those 
of  the  host  upon  whose  stores  they  commit  their  depreda- 
tions, while  their  larvie  actually  live  by  devouring  the 
larvaj  of  the  bees  themselves.  Obviously,  any  lly  which 
entered  a  beehive  could  only  escape  detection  and  ex- 
termination at  the  hands  of  its  iidiabitants,  provided  it  so 
far  res(;mbled  them  as  to  be  mistaken  at  a  first  glance  by 
the  community  for  one  of  their  fellows.  Thus  any  lly 
which  showed  the  slightest  superficial  resemblance  to  a 
bee  might  at  first  be  enabled  to  rob  their  storehouses 
with  impunity,  while  such  flies  would  escape  continued 
detection  from  generation  to  generation  just  in  proportion 
as  they  more  and  more  closely  approximated  to  the  aj)- 
jiearance  of  their  unwilling  hosts.  For,  as  Mr.  Belt  has 
well  pointed  out,  while  the  mimicking  species  would 
become  naturally  more  numerous  from  age  to  age,  the 
senses  of  the  mimicked  species  would  become  naturally 
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sliarpened  by  tlie  habit  of  detecting  flimsy  pretences ;  and 
so  at  last  very  close  resemblance  miglit  be  expected  to 
arise.^  In  tlie  particular  instanoe  now  under  notice,  I 
learn  from  IMr,  Lowne,  who  has  carefully  measured  the 
curvature  of  the  facets  in  the  compound  eyes  of  insects 
(upon  which,  of  course,  depends  the  minimal  size  of  ap- 
prehensible objects),  that  the  mimicry  has  proceeded  just 
so  far  as  the  structure  of  the  bee's  eye  would  lead  him  to 
expect,  and  no  further.  In  other  words,  Mr.  Lowne  is 
inclined  to  suppose,  if  measurements  of  angular  distance 
subtended  can  guide  him,  that  such  a  flv  is  indistinguish- 
able  by  a  bee  from  one  of  his  own  species  within  the 
limits  of  ordinary  vision.'^ 

]\Ir.  Bates  mentions  a  still  more  interesting  case  of  some 
showy  coloured  Brazilian  spiders  (which,  of  course,  are  not 
themselves  insects  in  the  scientific  sense),  "  who  double 
themselves  up  at  the  base  of  leaf-stalks,  so  as  to  resemble 
flower-buds,  and  thus  deceive  the  insects  upon  which 
they  prey."^  Sir  Joseph  IIooA^r  believes  that  an  Indian 
Mantis,  or  praying-insect,  similarly  deludes  the  little 
creatures  which  form  its  food  by  its  extraordinary  like- 
ness to  a  leaf.'*  Another  rapacious  example  of  the  same 
genus  exactly  mimics  the  white  ants,  whom  it  devours 
quietly  and  unsuspected.^  Ihit  all  these  curious  facts  are 
thrown  into  the  shade  by  a  third  Mantis,  for  which  Sir 
'■"larles  Dilke  stands  as  voucher — a  bloodthirsty  wretch, 
whoso  head  and  fangs  have  been  moulded  into  the  image 
of  an  orchid,  with  a  deceptive  blossom  which  closes  upon 
the  insect  who  seeks  for  food  in  its  treacherous  arms. 

Sometimes  even  higher  animals  seem  to  have  acquired 


'  The  Naturalist  in  Nicaragua,  p. 

383. 

"  For  cT,  very  perfect  instance  of 
such  mimetic  resemblance,  where  the 
colour  is  especially  noticed  in  great 


was  a  Syrian  L<iphrla,  and  the  crea- 
ture iniinic!»'>(l  a  wasp. 
•'  The  Naturalist  on  the  Amazons, 

p.  54- 
*  Himalayan  Journal,   vol.   ii.   p. 


detail,  see  an  interesting  paper  by  Mr,  306. 

Neville  Goodman   in   '"  I'roc.   Camb.  '    Wallace,  'Contributions  to  the 

ridl.  Soc,"  vol,    iii.    part   2,  Miirch  Theory  of  Natural  Selection,"  p.  98. 
1878,  p.  25.    In  tids  case  the  nunncker 
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similar  discruises  in  order  to  t  veive  the  insects  f"»r  which 
they  lie  in  wait.  Thus  Mr.  Belt  notices  a  green  Nicara- 
guan  lizard,  looking  like  the  herbage  by  which  it  is  sur- 
rounded, and  decked  with  leaf-like  expansions,  which 
serve  to  conceal  its  predacious  nature  from  passing  beetles 
or  llies.^  How  far  the  greenness  of  lizards  and  forestine 
birds  in  general,  or  the  sandy  hue  of  those  which  frequent 
deserts,  may  serve  them  as  aids  in  escaping  the  notice  of 
prey  upon  which  they  creep,  is  too  uncertaiij  a  question 
to  be  urged  in  evidence  as  to  the  colour-sense  of  insects, 
and  yet  too  interesting  to  be  passed  by  without  at  least 
an  allusion. 

In  all  these  instances,  various  predatory  species  have 
acquired  mimetic  reseniblances  for  the  sake  of  deceiving 
their  quarry ;  but  in  other  cases  the  defenceless  booty 
turns  the  table;'  upon  the  tyrants,  and  is  accordingly 
enabled  to  elude  their  hungry  quest.  Thus  Mr.  Wallace 
tells  us  of  a  cricket  which  exactly  reproduces  the  features 
of  its  foe  the  sandwasp ;  ^  while  Mr.  Belt  saw  a  green  leaf- 
like locust,  overrun  by  foraging  ants,  yet  remaining  as 
motionless  as  the  leaves,  whose  colour  and  texture  it  so 
faithfully  mimicked.  This  latter  creature  appeared  to 
have  some  dim  instinctive  knowledge  of  the  fact  that  its 
safety  depended  upon  its  absolute  immobility,  for  even 
when  lifted  by  the  hand  from  the  ground,  it  continued 
strenuously  to  preserve  its  rigid  attitude.^ 

But  indeed,  to  any  mind  unbiassed  by  preconceptions 
derived  from  another  sphere  of  thought,  the  grand  evi- 
dence in  favour  of  an  insect  colour-sense  is  to  be  found, 
not  in  isolated  instances,  but  in  the  broad  expanse  of 
meadow  and  hillside  around  us.  The  million  hues  of 
spring  or  summer  flowers  have  no  meaning  and  no  ex- 
planation on  any  other  hypothesis.  The  colour-sense  of 
bees  and  butterflies  has  metamorphosed  the  world ;  and 


I'i.' 


I 


'  Niituralist  in  Nicuragun,  p.  12. 

"  Contributions  to  the  Tlioory  of  Natural  Sehction,  p.  99. 

''  Naturalist  in  Nicaragua,  p.  19. 
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we  must  seek  for  its  indications  on  every  plain  and  moun- 
tain of  every  country  in  tlie  earth. 

A  human  analogy  will  make  (dear  the  magnitude  of  the 
chancres  in  the  face  of  nature  due  to  the  reactive  effects 
of  the  insect  colour-sense.  Man  has  wrou'jfht  manv  altera- 
tions  in  the  aspect  of  the  fauna  and  flora  of  all  coun- 
tries which  he  has  brought  under  his  sway.  He  has  cut 
down  the  forests,  cleared  the  jungle,  irrigated  the  desert, 
reclaimed  the  stony  waste.  Whatever  plants  or  animals 
served  him  for  food,  clothing,  or  other  useful  purposes, 
he  has  selected,  propagated,  and  carried  with  him  in  his 
wanderings  from  shore  to  shore.  Whatever  others  proved 
useless  or  positively  noxious,  he  hoo  extirpated  from  their 
native  haunts.  His  fields  glow  with  golden  corn  or  dark- 
green  maize ;  with  millet,  barley,  oats,  or  rice ;  with  vines, 
hops,  or  sugar-cane;  with  yams,  potatoes,  plantain,  or 
bananas ;  with  flax,  hemp,  cotton,  oil-seeds,  or  fibres.  His 
orchards  are  laden  with  apples,  plunis,  peaches,  pears, 
oranges,  olives,  mangoes,  and  papaws.  His  meadoM's  are 
stocked  with  tlie  clover,  lucerne,  vetches,  and  grass  wliich 
feed  his  flocks  and  herds.  Tlie  woodland  itself  is  spared 
only  to  supply  him  with  timber  for  firewood  or  building. 
In  like  manner,  the  wild  beasts  of  the  forest  have  given 
place  to  his  cattle,  his  horses,  and  his  sheep.  Camels, 
(dephants,  and  llamas  bear  his  burdens  on  their  patient 
backs.  Alpacas  and  merinos,  the  goats  of  Kashmir  and 
the  yaks  of  Tibet,  supply  his  woven  fabrics.  Even  insects 
are  not  exeni[)t ;  silkworms  fatten  on  his  mulberry  trees, 
and  nopaleries,  specially  planted  for  that  purpose,  afl'oi'd 
sustenance  to  liis  cochineal  flies.  The  wolves,  bears, 
foxes,  tigers,  and  venomous  snakes  retire  before  his  face, 
and  he  u'ages  a  perpetual  wai'fare  with  the  intrusive  weeds 
wl  ich  seek  to  find  a  root-hold  among  his  growing  crops. 
Such  are  the  changes  wliicli  man  has  impressed  upon  the 
lands  where  he  has  made  his  settled  iiome. 

liut  all  tliese  alterations  are  mere  surface  scratches 
compared  with  the  immensi!  revolution  wrought  in  tlie 
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■features  of  nature  by  the  unobtrusive  insect.  ITalf  tlie 
Hora  of  the  earth  has  taken  the  imprint  of  his  likes  and 
his  necessities.  While  man  has  only  tilled  a  few  level 
plains,  a  few  great  river  valleys,  a  few  peninsular  moun- 
tain slopes,  leaving  the  vast  mass  of  earth  untouched  by 
his  hand,  the  insect  has  spread  himself  over  every  land  in 
a  thousand  shapes,  and  has  made  the  whole  flowering 
creation  subservient  to  his  daily  wants.  His  buttercup, 
liis  dandelion,  and  his  meadow-sweet  grow  thick  in  every 
English  field.  His  mint  clothes  the  hillside ;  his  heather 
purples  the  bleak  grey  moorland.  High  up  among  the 
Alpine  heights  his  gentian  spreads  its  lakes  of  blue; 
amid  the  snows  of  the  Himalayas  his  rhododendrons 
gleam  with  crimson  light.  Even  the  wayside  pond  yields 
him  the  crowfoot  and  the  arrowhead,  while  the  broad 
expanses  of  Brazilian  streams  are  beautified  by  his  gor- 
geous waterlilies.  The  insect  has  thus  turned  the  whole 
surface  of  the  earth  into  a  boundless  flower-garden,  whicli 
supplies  him  from  year  to  year  with  pollen  or  honey,  and 
itself  in  turn  gains  perpetuation  by  the  baits  that  it  offers 
for  his  allurement. 

If  any  man  can  seriously  doubt  that  these  changes  are 
really  due  to  a  colour-sense  in  the  little  creatures  which 
live  upon  the  beautiful  flowers,  if  he  can  imagine  that  tlu; 
plant  has  produced  its  gorgeous  petals  for  no  other  pur- 
pose than  that  of  suicidal  wastefulness ;  that  the  Mantis 
has  grown  into  the  perfect  semblance  of  a  leaf  from  pure 
wanton  causeless  mimicry ;  that  the  lurid  red  of  fly-ferti- 
lised blossoms  bears  its  likeness  to  tlie  man<>led  flesh  of 
animals  by  a  simple  freak  of  creative  power;  then  tlie 
whole  science  and  philosophy  of  tlie  last  hundred  years 
luive  been  thrown  away  upon  him,  and  he  nuiy  return  at 
leisure  to  the  blind  and  hopeless  chance  of  the  eighteentli- 
century  atheists.  Even  if  we  could  allow  the  strangely 
gratuitous  hypothesis  of  a  distinguislied  naturalist,^  that 


1  Mr.  A.  11.  Wiillace,  "On  the  Colours  of  Plivnts  and   Anim.ils,"   "  Mac- 
inillan  s  Jlajjazino,"  Septembor  1877,  ad  iiiit. 
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the  colours  of  organic  beings  were  originally  developed 
by  natural  causes,  with  a  sort  of  divine  afterthought  re- 
garding the  pleasure  which  man  might  derive  from  their 
contemplation,  yet  we  cannot  blind  ourselves  to  the  abso- 
lute necessity  of  their  performing  from  the  very  first  some 
special  utilitarian  function.  Not  even  the  watchmaker 
deity  of  Paley  himself,  one  may  suppose,  would  have 
invented  flowers  in  the  Secondary  age  for  the  sole  gratifi- 
cation of  man  in  the  Post-tertiary.  To  put  it  briefly,  if 
insects  have  not  a  colour-sense,  then  the  whole  universe 
must  be  nothing  more  than  a  singularly  happy  concourse 
of  fortuitous  atoms.  The  theist  and  the  evolutionist  are 
equally  ready  to  disclaim  with  all  their  might  this  gro- 
tesque and  monstrous  supposition. 
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BIRDS  OR   MAMMALS  AND  FRUITS. 


What  insects  arc  to  briglit-hued  llowers,  birds  and  mam- 
mals are  to  brlglit-liued  fruits.  And  we  might  almost  say, 
though  with  more  reservation,  what  flowers  are  to  the 
colour-sense  in  insects,  fruits  are  to  the  colour-sense  in 
birds  and  mammals. 

Accorilingly,  we  may  fairly  conclude  that  bright-coloured 
fruits  belong  to  a  much  later  geological  age  than  entomo- 
philous  blossoms.^  "We  need  not  here  transport  ourselves 
in  imagination  to  the  green  expanse  of  paheozoic  jungles, 
unenlivened  by  scarlet  flowers  or  gaudy  insects ;  we  have 
only  to  place  ourselves  amid  the  comparatively  modern 
flora  of  the  Tertiary  ago,  surrounded  by  forest  trees  of 
familiar  aspect,  and  tenanted  by  animals  whose  shape 
differs  but  little  from  those  of  our  own  historical  epoch. 
Already  the  ground  spreads  a  carpet  of  soft  grass  beneath 
our  feet;  already  sinqjle  forms  of  insect-fertilised  blos- 
soms stand  out  in  profusion  as  brilliant  points  of  colour 
among  the  green  foliage  around.  It  is  true  we  see  no 
highly-dilferentiated  daisies  or  thistles,  with  their  clus- 
tered heads  of  tubular  bells  ;  no  strangely-shaped  orchids 
or  snapdragons,  with  their  forms  nicely  adjusted  to  those 
of  the  fertilising  bees ;  but  we  find  a  fair  abundance  of 
unspecialised  llowers,  with  a  regular  corolla  of  separate 
pieces,  such  as  we  know  so  well  in  the  buttercup,  the 
poppy,  or  the  geranium.  Moreover,  we  may  see  among 
them,  not  merely  the  little  dingy  creeping  insects  of  the 

See  Wallace's  "  Tropical  Nature,"  p.  228. 
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Carboniferous  deltas,  but  flitting  butterflies  with  coloured 
wings,  and  ilower-liaunting  beetles  of  exquisite  metallic 
sheen.  These  brighter  forms  of  insect  life  have  been  de- 
veloped in  the  vast  cycles  of  that  inuneasurable  interim 
by  the  selective  action  of  sexual  preference,  working 
through  a  taste  for  brilliant  hues  which  has  been  origi- 
nally formed  in  the  search  for  food  ;  but  this  portion  of 
our  subject  we  must  remove  from  its  proper  historical 
place,  owing  to  the  exigencies  of  logical  treatment,  and 
relegate  it  to  a  later  ehapter,  where  we  may  consider  the 
(j^uestion  of  sexual  selection  in  its  ensemble,  as  exhibited 
throughout  all  departments  of  the  animal  kingdom.  For 
tiie  present,  we  nmst  content  ourselves  by  taking  for 
granted  the  existence  among  the  Tertiary  forests  of  gaily- 
tinted  insects  and  gorgeous  lizards,  as  well  as  that  of 
crimson  leave.:  and  orange  blossoms.  Nay,  more,  we  may 
probably  allow  that  the  higher  vertebrate  types  which 
lived  in  those  primitive  modern  wilds  possessed  some 
more  or  less  distinct  form  of  colour-perception,  derived 
l)erhaps  from  their  earlier  marine  ancestors,  and  kept  alive 
by  exercise  upon  these  varied  objects  in  their  actual  envi- 
ronment. Yet,  in  spite  of  such  facts  and  probabilities,  it 
will  bo  well  worth  while  briefly  to  trace  the  origin  of 
bright-hued  fruits,  as  we  have  already  traced  the  origin  of 
bright-hucd  flowers,  both  because  tlie  colour-sense  of  the 
highest  vertebrates  probably  owes  much  to  the  n  action  of 
these  brilliant  food-stufl!-<,  and  because  the  taste  for  colour 
in  man  himseli'  may  be  plausibly  referred  to  the  arboreal 
habits  of  his  ante-human  progenitors.  Furthermore,  we 
shall  see  reason  to  conclude  hereafter  that  the  plumage  of 
the  most  beautiful  birds  and  the  fur  or  skin  of  the  most 
highly-coloured  mamnuds  arc  due  to  tlie  love  for  bright 
hues  oiiginally  develo])ed  in  connection  with  tlio  pulpy 
fruits ;  and  this  conclusion  affords  another  reason  why  we 
should  first  incpiire  into  tlu;  history  of  tlieir  evolution. 

The  nltinuite  ol)jeet  of  flowering  is  the  production  of 
s(!eds,  that  is  to  say,  of  embryo  i)lanis,  destined  to  replace 
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their  parents,  and  continue  tlie  life  of  tlie  species  to  fiilure 
j,'encrations.  Tlie  vessel  wliicli  includes  one  or  more  sucli 
seeds,  the  produce  of  a  single  Hover,  is  known  in  botanical 
I)arlance  as  a  fruit.  IJut  as  it  often  happens  tliat  the  ripe 
j)istils  of  more  tlian  one  blossom  become  united  togctlier 
into  a  single  muss,  instances  of  which  habit  may  be  seen 
in  the  fig  and  the  mulberry,  it  becomes  convenient  to 
describe  these  aggregate  seed-vessels  .also  as  compound 
fruits.  In  the  language  of  ordinary  life,  however,  a  fruit 
means  something  very  different  from  such  hard  and  dry 
seed-vessels  as  those  of  ])0])pies,  beans,  or  thistles.  We 
understand  by  the  word,  in  daily  usage,  some  sweet,  soft, 
pulpy  object,  more  or  less  connected  with  the  seeds,  and 
usually  possessing  some  bright-coloured  portion.  To  these 
latter  structures  we  shall  generally  give  tlie  designation  of 
fruits-proper,  to  distinguish  them  from  such  among  their 
like  as  are  merely  fruits  by  botanical  courtesy.  Fruits- 
projier,  then,  in  this  restricted  sense,  form  the  special  object 
of  our  present  investigation. 

Tlie  botanical  fruit  consists  of  a  covering  or  pericarp, 
often  extremely  thin  and  almost  papery,  enclosing  one  or 
more  ripe  seeds,  liut  other  connected  portions  of  the  plant, 
for  example,  the  swollen  llower-stalk  and  the  receptacle, 
frequently  coalesce  so  thoroughly  with  these  essential 
organs  that  it  becomes  impossible  to  distinguish  them, 
even  for  technical  purposes.  This  is  especially  the  case 
with  fruits-proper,  where  the  edible  portion  quite  as  often 
consists  of  some  irregular  adjunct  as  of  the  juicy  pei'icarp 
itself.  Accordingly,  in  the  following  account,  I  shall  take 
the  liberty  of  dealing  a  little  broadly  with  the  technical 
terms  of  botany,  suppressing  all  unnecessary  detail,  and 
only  dwelling  upon  the  simplest  and  most  salient  points. 

The  ideal  form  of  fruit  would  consist  of  a  plain  peri- 
carp enclosing  a  singh;  seed ;  and  though  such  fruits  are 
comparatively  rare,  one  may  reasonably  suppose  that  the 
earliest  flowering  jdaiits  W(juld  in  all  probability  ])rodiU'H 
seed-vessels  of  a  very  simple  kind,  in  which  the  separate 


,1  1    (. 


I     !' 


!,( 


I        a\ 


iH. 


ill 


too 


THE  COLOUR-SENSE. 


iff 


W 


i  I 


I      t 


u  i 


seeds  were  small  and  inconspicuous,  though  relatively 
numerous.  Indeed,  the  gymnosperms,  or  pine  and  cycad 
group,  Avhich  appeared  upon  tlie  earth  Lefore  any  other 
])hanerogamous  plants,  cannot  be  said  to  possess  any  fruit 
at  all  in  the  proper  sense  of  the  term.  Moreover,  there  is 
reason  to  believe  that  early  plants  produced  large  quan- 
tities of  seeds  which  were  relatively  ill  provided  witli 
coverings  or  nutriment,  and  which  depended  rather  upon 
tlieir  number  than  upon  any  special  adaptation  for  their 
chance  of  survival  But  as  time  v/ent  on,  slight  adventi- 
tious variations  in  the  nature  of  tiie  seeds  or  their  cover- 
ings might  prove  useful  in  protecting  them  from  some 
one  or  other  among  the  numerous  dangers  to  which  their 
fellows  were  exposed,  and  so  might  give  them  an  extra 
advantage  in  the  struggle  for  existence.  The  most  notice- 
able among  these  vari£  tions  is,  that  which  consists  in 
the  extra  supply  of  energetic  material  for  the  sprouting 
Dlautlet. 

A  young  plant  consists  of  an  embryo  whose  growth 
depends  upon  tlie  liberation  of  energy  contained  in  its 
hydro-carbonaceous  or  albuminoid  materials,  by  union 
with  the  free  oxygen  of  the  air.  The  energetic  substances 
upon  which  it  feeds  were  laid  up  for  it  by  the  parent 
plant,  either  in  the  growing  seed-leaves  (cotyledons),  as 
in  the  case  of  the  pea  and  bean,  or  in  a  separate  albu- 
minous mass,  as  in  the  case  of  the  wheat  tribe.  But  such 
energetic  materials  are  exactly  the  portions  of  plants 
which  form  the  best  food-stufts  for  animals ;  and  accord- 
ingly, as  birds  and  mammals  multiplied  upon  the  face  of 
the  earth,  it  must  happen  that  those  very  seeds  which 
possessed  the  best  chance  of  survival  through  their  stores 
of  nutriment  would  also  be  the  ones  which  lay  most  ex- 
l)Osed  to  the  ravages  of  animal  foes.  Hence  plants  are 
compelled  to  adopt  many  devices  whereby  they  may  secure 
themselves  against  such  depredations. 

One  common  plan  is  that  by  which  some  underground 
structure,  such  as  a  bulb,  tuber,  corm,  or  root,  is  made  to 
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Rupplcinent,  or  in  many  cases  almost  to  supersede,  tlie 
iKitural  mode  of  reproduction  by  seeds.  This  is  seen  iii 
numerous  ]dants,  such  as  potatoes,  onions,  beets,  and  many 
«,M'asses.  Ikit  perhaps  tlie  most  interesting  case  is  that  of 
the  ground-nuts,  whose  "  hypogean  "  fruit  is  buried  dee]) 
in  the  earth,  so  as  to  esca])e  the  notice  of  all  but  burroNV- 
ing  animals.  Yet  even  these  species,  which  try  to  conceal 
their  stores  of  food  by  hiding  them  under  the  soil,  fall  a 
prey  at  last  to  the  snouts  of  rodents  or  '  'iue.  In  fact,  it 
must  naturally  happen  that,  as  young  plants  and  animals 
fcetl  on  exactly  the  same  energetic  substances,  every 
device  on  the  part  of  the  plant  will  soon  be  met  by  a 
counter-device  on  the  part  of  the  hungry  animal.^ 

Each  species  of  plant  nmst,  of  course,  solve  for  itself 
the  problem,  during  the  course  of  its  development,  M-hether 
its  energies  will  be  best  employed  by  hoarding  nutriment 
for  its  own  future  use  in  bulbs  and  tubers,  or  by  produc- 
ing richly-e".;do\ved  seeds  which  will  give  its  offspring  a 
better  chance  of  rooting  themselves  comfortably,  and  so 
surviving  in  safety  amid  the  ceaseless  competition  of  rival 
species.  The  various  cereals,  such  as  wheat,  barley,  rye, 
and  oats,  have  found  it  most  convenient  to  grow  afresh 
with  each  season,  and  to  supply  their  embryos  with  an 
abundant  store  of  food  for  their  sustenance  during  the 
infant  stage  of  plant  life.  Their  example  has  been  fol- 
lowed by  peas  and  other  pulses,  by  the  wide  class  of  nnt^, 
and  by  the  majority  of  garden  fruits.  On  the  other  hand, 
the  onion  and  the  tiger-lily  store  nutriment  for  themselves 
in  the  underground  stem,  surrounded  by  a  mass  of  over- 
lapping or  closely-Mound  leaves,  which  we  call  a  bulb; 
the  iris  and  the  crocus  lay  by  their  stock  of  rood  in  a 
woody  or  fleshy  stalk;  the  potato  makes  a  rich  deposit 
of  starch  in  its  subterraneous  branches  or  tubers;  tlui 
turnip,  carrot,  radish,  and  beet  use  their  root  as  the  store- 
house  for   their   hoarded   food-stuffs;    while   the  orchis 
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producGS  nach  year  a  now  tulxTclt!  by  tie  sidt-  of  il.^ 
existing  r()(jt,  and  this  aucuiid  luborclo  b<i!onit'H  in  turn 
Lho  pareuL  of  its  noxt  year's  llowcjrin;/  kUmp  IVrlmps, 
liowuver,  tli(j  common  colcliicinn  or  meadow-saU'roi:  allbrds 
tlie  most  instruct  ivo  instance  of  all;  for  during  tlicsinnncr 
it  sends  up  green  braves  alone,  wliicli  devote  their  entiro 
time  to  tlie  acciimuhition  of  food-stnlls  in  a  corm  at  Www 
siile;  and  wlien  the  autumn  comes  round,  tliis  corm  pro- 
(hices,  not  leaves,  but  a  nak(;d  llower-stalk,  which  pu.sl.'es 
its  way  through  the  moist  earth,  and  stands  solitary  befor*^ 
(he  October  winds,  depending  wlioUy  upon  the  stock  of 
nutriment  laitl  up  for  it  in  tlie  corm. 

Now,  if  we  look  at  tlie  materials  used  as  food  by  man 
or  otlier  frugivorous  creatures,  we  shall  see  that  they  con- 
sist almost  universally  of  these  reservoirs  of  energetic 
material,  laid  uj)  by  the  plant  for  itself  or  its  descendants. 
It  is  true  that  the  graminivorous  animals,  like  deer,  sheej», 
cows,  and  horses,  live  mainly  oil'  the  green  leaves  of  grasses 
and  creeping  plants.  IjuL  we  know  how  small  an  amount 
of  food  they  manage  to  extract  from  these  librous  masses, 
and  how  constantly  their  whole  existence  is  devoted  to 
the  monotonous  and  imperative  task  of  grazing  for  very 
life.  Those  animals,  however,  who  have  learnt  to  live  at 
the  least  cost  to  themselves  always  choose  the  portions  of 
a  plant  which  it  has  stored  with  nourishment  for  itself  or 
its  oil'spring.  Men  and  monkeys  feed  naturally  off  fruits, 
seeds,  and  bulbs.  Wlieat,  maize,  rye,  barley,  oats,  rice, 
millet,  pease,  vetches,  and  other  grains  or  jnilses,  form  tlu^ 
staple  sustenance  of  half  mankind.  Other  fruits  largely 
employed  for  food  are  plantains,  bananas,  bread-fruit, 
dates,  cocoa-nuts,  chestnuts,  mangoes,  mangostines,  and 
])apaws.  Among  roots,  tubers,  and  bulbs  stored  with 
edible  materials  may  be  mentioned  beet,  carrot,  radishes, 
turnips,  swedes,  ginger,  potatoes,  yam,  cassava,  onions,  and 
-lerusalem  artichokes.  lUit  if  we  look  at  the  other  vejje- 
tables  used  as  food,  we  shall  observe  at  once  that  they  an^ 
few  in  number  and  unimportant  in  economical  value,     lii 
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ciil)l)ii;^'f',  linissL'ls  sjirouts,  lottiUH',  succory,  Piiiiiiidi,  and 
vutcrcress,  wo  cat  the  \iyw.n  leave  5 ;  yet  iKjl^ody  would 
ever  dream  of  making  a  meal  oil'  any  of  tlie.su  j)oor  food- 
stullH.  The  stalk  or  younj,'  sjo'out  forms  the  culinaiy  jtor- 
tioii  of  asparaj,'us,  celery,  seakale,  rlmharh,  and  an^(dica, 
none  of  which  ve;,'etables  ar(!  nMuarkable  for  their  nutri- 
tious ]»roperti(!.s.  In  all  tlu;  remaining;  food-plants  sonm 
])art  of  the  flowering'  apparatus  su))plies  the  tajjle,  as  in 
true  artichokes,  where  we  eat  the  rece[)taclc,  richly  stocked 
with  nutriment  for  the  opening,' liurets ;  or  in  caulillower, 
where  we  choose  the  aborted  ilower-buds  themselves.  In 
short,  wo  find  that  men  and  the  hi;^dier  animals  f^enerally 
support  themselves  upon  those;  ])arts  of  plants  in  which 
energy  has  been  accumulated  either  for  the  future  growth 
and  unfolding  of  the  plant  itself,  or  for  the  sustenance  of 
its  tender  o(rsj)ring. 

Doubtless  the  earliest  seeds  diirered  but  little  from  the 
spores  of  cryptogams  in  the  amount  of  nourishment  with 
wiiich  they  wei'o  provided,  and  the  mode  in  which  they 
were  dropped  upon  the  nursing  soil  beneath.  But  during 
the  great  secondary  and  tertiary  ages  of  geology,  through- 
out whoso  long  course  first  the  coiufers  and  then  the  true 
llowering  plants  slowly  superseded  the  gigantic  horse-tails 
and  tree-ferns  of  the  coal-mca  "ires,  many  new  devices  for 
the  dispersion  and  nutrition  of  seeds  were  gradually 
developed  by  the  pressure  of  natural  selection.^  Those 
plants  which  merely  cast  their  naked  embry(js  adrift  upon 
the  world  to  shift  for  themselves  in  the  fierce  stru'^Ljle  of 
stout  and  hardy  competitors  must  necessarily  waste  their 
energies  in  the  production  of  an  immense  number  of  seeds. 
In  fact,  calculations  have  been  made  which  show  that  a 
single  scarlet  corn-poj)py  produces  in  one  year  no  less  than 
50,000  embryos;  and  some  other  species  actually  exceed 

1  I   tniat   that  in   tlio   sequel  the  iind  fruits.      Some   little  siinplifiea- 

critical  botanist  will  excuse   nie   for  tioii  is  absolutely  necessary  for  geii- 

liaving    neglected   the    strict    terini-  cral  readers  in  this  the  most  involved 

imlogy    of  cariKilogical   science,    and  dei)artmunt  of  structural  botany, 
made  no  distinctiuu    between  seeds 
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tliis  eiinnnous  fii^'tirc.  If,  ilicn,  Jiiiy  i»I;int  liappon*?,  liy  a 
I'iivonriilihj  r()nibiiiali(»n  (if  ciiciiinstaiiccs,  to  iiMidifv  tlic, 
sliiij)((  of  ils  seed  ill  such  u  iiiniiiicr  that  it  cfiii  be  iiioi'c? 
re.'ulily  (vtiivnyiul  to  ojx'ii  or  unocciijtiiMl  s[)ots,  it  will  ho 
iihlu  ill  fiitiiro  to  c'(.'oiioiiiis(!  its  .slrciiuth,  iiiid  thus  to  <"iv(! 
hoth  itself  iind  its  olTsiiriii'^  a  hcttcr  chaiieo  in  th(i  stru,i,%'](» 
for  lif(\  Then!  ai'<^  many  ways  in  which  iiiitural  scloctioii 
lias  cHectcd  this  dcsiralih;  cousimuiiatioii. 

TIk!  thistle,  the  daiidcilion,  and  the  cotton-hush  ])rovide 
their  secnls  with  lon;^'  tufts  of  li,L,dit  hair,  thin  and  airy  as 
•4ossani(!r,  hv  which  they  arc;  carried  on  tlu;  wiie-s  of  th(! 
M'ind  to  hare  si)a(M'S,  away  from  the  shadow  (jf  their 
mother-plant.,  when;  they  may  root  themselves  successfully 
in  the  vacant  soil.  The  majde,  tlu;  ash,  and  th(!  pine  snp- 
ply  tlieir  (nnhryos  with  jhittoued  winj^s,  which  serve  them 
in  like  manner  not  less  eirectually,  l»otli  tliesi;  m'o  may 
classify  as  vind-difiitcrscd  seeds.  A  second  sc't  of  })lants 
have  seed-vessels  which  hurst  open  explosively  when  rijie, 
and  scatter  tluiir  contents  to  a  considerable  distance.  Th(3 
balsam  forms  the  commonest  (example  in  our  Knroj)ean 
gardens;  but  a  well-knowti  tropical  tree,  tin;  sandbox, 
displays  the  same  pecnliarity  in  a  form  which  is  aliuo.st 
alarmiiiLT,  as  its  large,  hard,  dry  capsules  lly  apart  with  the 
report  of  a  small  pistol,  and  drive  out  the  disc-shaped  nuts 
within  so  forcibly  as  to  make  a  blow  on  the  cheek  decidedly 
unpleasant.  These  we  may  de.si;4nat  e  f\s  i^iif-dlxpcrscd  seeds. 
Yet  a  third  class  may  be  convenieiiLly  descril)ed  as  (inliiial- 
difiprrfi<'d,  divisible  once  more;  into  two  sul)-classes,  th(! 
involuntarily  ami  tin;  voluntarily  aided.  Of  the  former 
kind  we  have  examjdes  in  those  seeds  which,  like  burrs 
and  cleavers,  ai'(!  covered  with  little  hooks,  by  whos(» 
assistance  they  attach  themselves  to  the  fur  or  AVool  uf 
passers-by.  The  latter  or  voluntarily  aided  sort  ai'e  exem- 
l)lified  in  fruits-pro]»er,  the  subject  of  our  ])i'esent  inves- 
tigation, such  as  apples,  plums,  ])eaches,  cherri(;s,  haw."., 
and  bramblidieiTies.  Every  one  of  these  plants  is  provi(h.Ml 
with  hard  and  indigestible  seeds,  coated  or  .surrounded  by 
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a  soft,  s\V(!(!t,  imlpy,  jicifiwiKMl,  biij^lit-colotircd,  uiid  imlii- 
tiou.s  covering'  known  as  I'mit.  I!y  iill  tlicsi!  means  tlic 
jil.'int  .'lUuics  liirds  or  inaniiMiil.s  to  swallow  and  (lispcrsc 
its  un(li,^('st(i(l  .seed,  ;4ivin'4  in,  as  it  wen.',  tlu;  |»nl)>y  rovcr- 
inj^  as  a  leward  Un-  lla;  suiviccs  llius  conferred. 

JUit  l)(;for()  wo  <^()  on  to  iiuiuirtj  into  the  nioiU;  of  their 
dovclopnicfnt  wo  nnist  <i;hmco  hrielly  at  a  second  important, 
diU'evt^nco  in  tho  constitution  of  soods. 

If  wo  ]tlant  a  •^rain  of  mustard-seed  in  moist  earth,  and 
allow  it  to  ^('iniinato,  we  shall  see  that  its  youn^'  leav(;s 
he^^in  from  tho  very  first  to  <,'row  ^ncciu  and  assimilate; 
onctr^'elie  matter  from  tho  air  aiound  thcnn.  Thi^y  aic, 
indeed,  com|)elled  to  do  Sf»,  hecauso  they  have  no  largo 
st(jro  of  ntitrime'it  laid  up  in  the  seed-leaves  for  their 
future  use  hy  tho  mothor-])lant.  ]>ut  if  we  tre-t  a  p(!a  in 
the  same  manner,  we  shall  find  that  it  lonj;  continues  to 
derive;  nourislnnent  from  the  abundant  stock  of  food  trea- 
sured up  in  its  big  round  setid-loaves.  Now  of  course  any 
plant  which  thus  learns  to  lay  by  in  tinu!  for  the  wants  of 
its  of'fsjjring  gives  its  embryo  a  far  better  chance  of  surviv- 
ing ami  leaving  descendants  in  its  turn  than  one  which 
aband(tns  its  infant  plants  to  their  own  unaided  resource.'S 
in  a  stern  battle  Mith  tho  unkindly  world.  Exactly  tho 
same  din'orenco  exists  between  tho  two  cases  as  that  which 
exists  between  the  wealthy  merchant's  son,  launched  on 
life  with  abundant  ea])ital  accumulated  by  his  father,  and 
the  street  Arab,  tiu'ned  adi'ift  as  soon  as  ho  can  walk  alone, 
to  shift  or  starve  for  himself  in  the  lanes  and  alloys  of  a 
groat  city. 

S(j  then  as  plants  went  on  varying  and  improving  under 
the  stress  of  ovor-jjojiulation,  it  would  naturally  result  that 
many  species  must  hit  inde[)endently  upon  this  device  of 
laying  by  granaries  of  nutriment  for  tho  use  of  their  de- 
scendants. Ihit  sid(3  by  side  with  the  advancing  develop- 
ment of  vegetable  life,  animal  life  was  also  developing  in 
con)j)lexity  and  perfect  adaptation  to  its  circumstances. 
And  herein  lay  a  dillicult  dilonnna  for  the   "hint.     On  tho 
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one  hand,  in  order  to  compote  with  its  neighbours,  it  must 
hiy  up  stores  of  starch  and  oil  and  albumen  for  the  good 
of  its  embryos ;  while,  on  the  other  hand,  the  more  indus- 
triously it  accumulated  these  expensive  substances,  tlie 
more  temptingly  did  it  lay  itself  open  to  the  depredations 
of  the  squirrels,  mice,  bats,  monkeys,  and  other  clever 
thieves,  whose  number  was  daily  increasing  in  the  forests 
round  about.  The  plant  becomes,  in  short,  like  a  merchant 
in  a  land  exposed  to  the  inroads  of  powerful  robbers.  If 
lie  does  not  keep  up  his  shop  with  its  tempting  display  of 
wares,  he  must  die  for  want  of  custom ;  if  he  shows  them 
too  readily  and  unguardedly,  he  will  lay  himself  open  to 
be  plundered  of  his  whole  stock-in-trade.  In  such  a  case 
the  plant  and  the  merchant  have  recourse  to  the  self-same 
devices.  Sometimes  they  surround  themselves  with  means 
of  defence  against  the  depredators ;  sometimes  they  buy 
themselves  off  by  sacrificing  a  portion  of  their  wealth  to 
secure  the  safety  of  the  remainder.  Those  seeds  which 
adopt  the  fc  .-mer  plan  we  call  nuts,  while  to  those  which 
depend  upon  the  latter  means  of  security  we  give  the  name 
oi  fruits. 

A  nut  is  a  hard-coated  seed,  which  deliberately  lays 
itself  out  to  escape  the  notice  and  baflle  the  efforts  of 
monkeys  and  other  frugivorous  animals.  Instead  of  bid- 
ding for  attention  by  its  bright  hues,  like  the  llower  and 
fruit,  the  nut  is  purposely  clad  in  a  quiet  coat  of  uniform 
green,  indistinguishable  from  the  surrounding  leaves  during 
its  earlier  existence,  while  afterwards  it  assumes  a  dull 
brown  colour  as  it  lies  upon  the  dusky  soil  beneath.  Nuts 
are  rich  in  oils  and  other  useful  food-stuffs ;  but  to  eat 
these  is  destructive  to  the  life  of  the  embryo,  and  therefore 
the  nut  commonly  surrounds  itself  with  a  hard  and  stony 
shell,  which  defies  the  stoutest  teeth  to  pierce  its  thickened 
walls.  Outside  this  solid  coating  it  often  spreads  a  softer 
covering  with  a  nauseous,  bitter  taste,  so  familiar  to  us  all 
in  the  walnut,  which  at  once  warns  off  the  oiujmy  from 
attacking  the   unsavoury  morsel.     Not  content  with  all 
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these  protective  devices  of  colour,  taste,  and  hardness,  the 
nut  in  many  cases  contains  poisonous  juices,  and  is  thickly 
clad  in  hooked  and  pointed  mail,  which  wounds  the  hands 
or  lips  of  the  would-be  robber.^  In  brief,  a  nut  is  a  seed 
which  has  survived  in  the  struggle  for  life  by  means  of 
multiplied  protections  against  the  attacks  of  enemies.  "We 
cannot  have  a  better  instance  of  these  precaution'^  than  the 
common  cocoa-nut  palm.  Its  seed  hangs  at  a  great  height 
from  the  ground  on  a  tall  and  slender  stem,  unprovided 
with  branches  which  might  aid  the  climber,  and  almost 
inaccessible  to  any  animal  except  the  persevering  monkey. 
Its  shell  is  very  thick  and  hard,  so  extremely  impermeable 
that  a  small  passage  has  to  be  left  by  which  the  germinat- 
ing shoot  ]nay  push  its  way  out  of  the  stronghold  where  it 
is  born.  Outside  tliis  shell,  again,  lies  a  thick  matting  of 
hairy  fibres,  M'hose  elasticity  breaks  its  fall  from  the  giddy 
height  at  which  it  hangs.  Yet,  in  spite  of  all  these  cun- 
ning precautions,  even  the  cocoa-nut  is  not  quite  safe  from 
the  depredations  of  monkeys,  or,  stranger  still,  of  tree- 
climbing  crabs.  Tlie  common  Brazil-nuts  of  our  fruiterers' 
shops  are  almost  equally  interesting,  their  queer,  shapeless 
forms  being  closely  packed  together,  as  they  hang  from 
their  native  boughs,  in  a  hard  outer  shell,  not  unlike  that 
of  the  cocoa-nut.  It  must  be  very  annoying  to  the  un- 
suspecting monkey,  who  has  succeeded  after  violent  efforts 
in  breaking  the  external  coat,  to  find  that  he  must  still 
deal  with  a  mass  of  hard,  angular,  and  uncanny  nuts,  which 
sadly  cut  his  tender  gums  and  threaten  the  stability  of  his 
precious  teeth — those  invaluable  tools,  which  serve  him 
well  in  the  place  of  knives,  hammers,  scissors,  and  all  other 
liuman  implements. 

A  fruit-proper,  on  the  other  hand,  lays  itself  open  in 
every  way  to  attract  the  attention  of  animals,  and  so  to  bo 
dispersed  by  their  aid,  often  amid  the  nourishing  refuse 

'  See  Wiillace's  "Tropical  Niiture,"  sage  is  extracted  was  in  proof  before 

p.  225  xcq,    1  may  perliaps  bo  ullowpil  tbe  appearance  of  Mr.  WaUacii'.s  Ijook, 

to  add  that  the  article  in  tlie  "(\)ni-  tlioiigh  not  publislicd  till  some  luoutlia 

hill  Magazine"  from  whicli  tins  pas-  later. 
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of  tlieir  meals.  It  is  true  that,  with  the  fruit,  as  Avith 
the  nut,  to  digest  tlie  actual  seed  itself  would  be  fatal 
to  the  life  of  the  young  plant.  But  fruits  get  over  this 
difliculty  by  coating  tlieir  seeds  first  with  a  hard,  indiges- 
tible shell,  and  then  with  a  soft,  sweet,  pulpy,  and  nutri- 
tious outer  layer.  The  purely  accidental  or  functional 
origin  of  this  covering  is  testified  by  the  im  nensc  variety 
of  ways  in  which  it  has  been  developed.  Sometimes  a 
single  seed  has  shown  a  slight  tendency  to  succulence  in 
its  outer  coat,  and  forthwith  it  has  gone  on  laying  up  juices 
from  generation  to  generation,  until  it  has  developed  into 
a  one-seeded  berry.  Sometimes  a  whole  head  of  seeds  has 
been  surrounded  by  a  fleshy  stem,  and  the  attention  of 
animals  has  thenceforward  encouraged  its  new  habit  by 
ensuring  the  dispersion  of  its  embryos.  A  few  of  the 
various  methods  by  which  fruits  attain  their  object  we 
shall  examine  in  detail  further  on :  it  will  suffice  for  the 
present  to  point  out  that  any  property  which  secured  for 
the  seed  dispersion  by  animal  agency  would  at  once  give 
it  an  advantage  over  its  follows,  and  tlius  tend  to  be 
increased  in  all  future  generations. 

So,  then,  as  birds,  squirrels,  bats,  monkeys,  and  the 
higher  animals  generally  increased  on  the  face  of  the 
earth,  every  seed  which  showed  a  tendency  to  surround 
itself  with  succulent  pulp  would  obviously  gain  a  point 
thereby  in  its  rivalry  with  other  species.  Accordingly,  as 
we  might  naturally  expect,  fruits  which  have  been  deve- 
loped to  suit  the  taste  of  birds  and  mammals  are  of  much 
more  recent  geolouical  origin  than  flowers,  which  liave 
been  developed  to  suit  the  ttiste  of  insects,  i'or  exam[)le, 
there  is  no  family  of  plants  which  contains  a  greater  ?nim- 
ber  of  fruity  seeds  than  the  rose  tribe,  in  which  are  com- 
priseil  the  apple,  pear,  plum,  cherry,  blackberry,  raspberry, 
strawberry,  quince,  medlar,  loquat,  peach,  apricot,  and 
nectarine,  besides  thi;  humbler  hips,  haws,  sloes,  and  com- 
mon hedge-fruits,  which,  though  despised  by  lordly  man, 
form  the  chief  winter  sustenance  of  sucli  among  our  l]ri- 


I. 


niRDS  OR  MAMMALS  AND  FRUITS. 


109 


tisli  birds  as  do  not  mi'Tate  to  warmer  climates  duriiicf  cur 
cliillj'  December  days.  Xow,  no  trace  of  tlie  rose  tril)e 
can  be  discovered  until  Miocene  times  ;  in  otlier  words,  no 
fruit-bearers  appear  before  the  evolution  of  the  fruit-eaters 
who  called  them  into  existence ;  while,  on  the  other  hand, 
the  rapid  development  and  variation  of  the  tribe  in  the 
succeeding  epoch  shows  how  great  an  advantage  it  derived 
from  its  tendency  to  produce  edible  seed-coverings. 

But  not  only  must  these  coverings  be  succulent  and 
nutritious;  they  must  also  be  conspicuous  and  alluring. 
Tor  the  attainment  of  these  objjcts  the  fruit  lias  recourse 
to  just  the  same  devices  which  had  already  been  so  suc- 
cessfully initiated  by  the  insect-fertilised  flowers.  It 
collects  into  its  pulyty  substance  a  quantity  of  that  com- 
monly-diffused vegetable  principle  which  we  call  sugar. 
Xow  sugar,  from  its  crystalline  composition,  is  peculiarly 
adapted  for  acting  upon  the  exposed  nerves  of  tiiste  in  the 
tongues  of  vertebrates;  and  the  stimulation  which  it  affords, 
like  all  healthy  and  normal  ones,  when  not  excessive  in 
amount,  is  naturally  pleasurable  to  the  excited  sense.  Of 
course,  in  our  own  case,  the  long  habituation  of  our  frugi- 
vorous  ancestors  to  this  particular  stinmlant  has  rendered 
us  peculiarly  sensitive  to  its  effects.  But  even  from  the 
first,  there  can  be  little  doubt  that  a  body  so  specially 
fitted  to  arouse  sensation  in  the  gustatory  nerve  must  have 
afforded  pleasure  to  the  unspecialised  palates  of  birds  and 
rodents ;  for  we  know  that  even  in  the  case  of  naturally 
carnivorous  animals,  like  dogs,  a  taste  for  sugar  is  ex- 
tremely noticeable.  So  then  the  sweet  juices  of  the  fruit 
were  early  added  to  its  soft  and  nutritive  pulp  as  an  extra 
attraction  for  the  animal  senses. 

But  the  greatest  need  of  all,  if  the  plant  would  succeed 
in  enticing  the  friendly  parrot  or  the  obsequious  lemur  to 
disperse  its  seed,  is  that  of  conspicuousness.  Let  the  fruit 
be  ever  so  luscious  and  ever  so  laden  with  sweet  syrups,  it 
can  never  secure  the  suffrages  of  the  higher  animals  if  it 
lies  hidden  beneath  a  mass  of  green  foliage,  or  clothes  itself 
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in  the  quiet  garb  of  the  retiring  nut.  To  attract  from  a 
distance  tlie  eyes  of  wandering  birds  or  mammals,  it  must 
(h'css  itself  up  in  a  gorgeous  livery  of  crimson,  scarlet,  and 
orange.  The  contrast  between  nuts  and  fruits  is  exactly 
parallel  to  the  contrast  between  the  wind-fertilised  and 
the  insect-fertilised  liowers.  An  apple-tree  laden  with  its 
red-cheeked  burden,  an  oranire  boufjli  weighed  down  with 
its  golden  spheres,  a  rowan  or  a  holly  bush  displaying 
ostentatiously  its  brilliant  berries  to  the  birds  of  the  air,  is 
u  second  edition  of  the  roses,  the  rhododendrons,  and  the 
maythorns,  which  spread  their  bright  petals  in  the  spring 
before  the  fascinated  eyes  of  bees  and  butterllies.  Some 
gay  and  striking  tint,  which  may  contrast  strongly  with 
the  green  foliage  around,  is  needed  by  the  developing  fruit, 
or  else  its  pulpiness,  its  sweetness,  and  its  fragrance  will 
stand  it  in  poor  stead  beside  its  bright-hued  compeers. 

IIow  fruits  began  to  acquire  these  brilliant  tints  is  not 
difficult  to  see.  We  found  already,  in  the  case  of  flowers, 
that  all  external  portions  of  a  plant,  except  such  green 
])arts  as  are  actually  engaged  in  assimilating  carbon  under 
tlie  influence  of  solar  energies,  show  a  tendency  to  assume 
tints  otber  than  green.  Tliis  tendency  would,  of  course, 
be  checked  by  natural  selection  in  those  seeds  which,  like 
nuts,  are  destroyed  by  animals,  and  so  endeavour  to  escape 
their  notice ;  while  it  would  be  increased  by  natural  selec- 
tion in  those  seeds  which,  like  fruits-proper,  derive  benefit 
from  the  observation  of  animals,  and  so  endeavour  to 
attract  their  attention.  lUit  it  is  noticeable  that  fruits 
themselves  are  sour,  green,  and  hard  during  their  unripe 
stage,  that  is  to  say,  before  the  seeds  are  ready  to  bo 
severed  from  the  mother-plant;  and  that  they  only  ac.piire 
their  sweet  taste,  brilliant  colour,  and  soft  pulp  just  at  the 
time  when  their  mature  seeds  become  capable  of  a  separate 
existence. 

The  connection  of  these  changes  with  the  process  of 
oxiilation  is  far  more  certain  and  more  nuirked  in  the  case 
of  fruits  than  in  that  of  flowers.     During  their  early  state, 
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pulpy  fruits  have  the  structure  and  chemical  composition 
of  leaves.  But  as  they  mature,  they  gradually  pass  througli 
the  acid  stage,  and  finally  reach  tliat  of  ripening,  when  tlieir 
gum,  their  cellulose,  and  their  acids  are  partially  converted 
into  sugar.  These  alterations  are  accompanied  by  "  a  loss 
of  watery  lluid,  a  slight  increase  of  temperature,  and  an 
evolution  of  carbonic  acid."  "  Saussure  and  Couvercliel 
state  that  grapes,  apples,  and  pears,  wlien  separated  from 
their  respective  plants,  and  kept  at  a  temi)eratui'e  of  about 
60°  R,  gave  out  carbonic  acid.  Frcmy  found  tliat  ripe 
ileshy  fruits  gave  out  a  large  quantity  of  carbonic  acid 
when  boiled  in  a  saline  solution.^  lierard  thinks  that 
these  changes  in  fruits  depend  essentially  on  the  action  of 
the  oxygen  of  the  air.  Fleshy  fruits,  lie  says,  may  be  pre- 
served with  little  alteration  for  many  weeks  in  vacuo,  in 
nitrogen,  and  in  Iiydrogen  gas;  peaches,  plums,  and  \x\m- 
cots  may  be  kept  from  twenty  to  tliirty  days,  and  pears 
and  apples  for  three  montlis,  in  a  sealed  bottle  containing 
a  little  sulphate  of  iron,  lime,  and  water,  which  remove 
the  oxygen  of  the  air.  Fremy  found  that  the  ripening  of 
the  fruit  was  arrested  by  covering  it  with  varnisli,  which 
he  supposes  to  act  partly  by  preventing  the  acitess  of  air, 
and  partly  by  stopping  the  transpiration,  and  thus  check- 
ing the  How  of  sap  into  the  fruit."  ^ 

It  may  also  be  added  that  liere,  as  in  the  case  of  flowers, 
an  oriijinal  tendencv  towards  colouration  in  seed-coverings, 
(juite  apart  from  any  selective  action,  may  be  distinctly 
noted.  Not  only  are  the  s]iore-cases  of  many  mosses 
])rettily  tinted  with  pink  or  yellow,  but  the  fruits  of  many 
jlowering  plants  M'hich  have  no  succulent  pulp  yet  ex- 
liibit  a  decided  turn  for  coloured  juices.  Instances  may 
be  found  in  the  dock,  and  less  markedly  in  almost  all 
capsuled  fruits.  r>ut  witli  fruits,  as  with  ilowers,  we  nniy 
say  roughly  that  uU  the  bright-coloured  sjiecies  depend 
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for  their  diffiisioii  upon  anhnals,  wliile  all  tliOiO  which  do 
not  depend  upon  animals  are  dull.  "  The  smaller  plants," 
says  Mr.  Wallace,  "  whose  seeds  simply  drop  upon  the 
ground,  as  in  the  grasses,  sedges,  composites,  undjellifera', 
&c.,  always  have  dry  and  obscurely-coloured  capsules, 
and  snudl  brown  seeds.  Others,  whose  seeds  arc  ejected 
by  the  bursting  open  of  their  capsules,  as  with  the 
oxalis  and  many  of  the  caryo])hyllacea%  scro})hularia- 
ceio,  &e.,  have  their  seeds  small,  and  rarely  or  never 
edible."  1 

In  the  case  of  the  attractively  coloured  fruits,  however, 
]\Ir.  Wallace  points  out  that  the  actual  seeds  are  of  such 
a  nature  as  to  escape  destruction  when  the  fruit  itself  is 
eaten.  "  They  are  generally  very  small  and  comparatively 
hard,  as  in  the  strawberry,  gooseberry,  and  tig;  if  a  little 
larger,  as  in  the  grape,  they  are  still  harder  and  less 
eatable ;  in  the  fruit  of  the  rose  (or  hi})),  they  are  dis- 
agreeably hairy ;  in  the  orange  tribe,  excessively  bitter. 
When  the  seeds  are  larger,  softer,  and  more  edible,  they 
are  protected  by  an  excessively  hard  and  stony  covering, 
as  in  the  plum  and  peach  tribe ;  or  tliey  are  enclosed  in  a 
tough  horny  core,  as  with  crabs  aiid  apples.  .  .  .  These 
fruits  may  also  be  swallowed  by  some  of  the  larger  fru- 
givorous  birds;  just  as  nutmegs  are  swallowed  by  ])igeons 
for  the  sake  of  the  mace  which  encloses  the  nut,  and 
which,  by  its  brilliant  red  colour,  is  an  attraction  as 
soon  as  the  fruit  has  split  open,  which  it  does  upon  the 
tree."2 

But  exactly  as  we  saw  that  some  flowers  attract  insects 
by  a  delusive  hope  of  honey  where  no  honey  is  really  to  be 
had,  so  do  some  fruits  hohl  out  attractions  of  colour  to 
birds  or  mammals  where  little  or  no  food  is  to  be  had 
in  return.  Thus  many  beans  have  beautiful  coverings, 
which  must  be  purely  deceptive  in  their  nature  for 
though  some  animals  may  perhaps  be  able  to  eat  them, 
yet  these  can  be  of  no  Ijeueiit  to  the  plant,  and  it  cannot 

1  Tio})ical  Nature,  p.  227.  2  ibid.,  p.  226. 
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Le  for  tlioir  sake,  therefore,  that  the  briglit  intogument  has 
been  developed.  An  extreme  case  is  that  of  the  hard 
little  rosary  bean  (Ahni.'i  inccalurla),  so  Avell  knoM'ii  as 
the  seed  from  which  the  prisoners  in  Cayenne  manufac- 
ture their  pretty  ornaments.  "  It  may  be,"  says  Mr. 
Wallace,  "  that  birds,  attracted  by  the  bright  colour  of  the 
seeds,  swallow  them,  and  tliat  they  pass  tln'ougli  their 
bodies  undigested,  and  so  get  (lis])ersed."  If  .so,  the  in- 
genious naturalist  suimests  that  the  device  may  onlv 
succeed  M'ith  "young  and  incxpei'ienced  birds."  I  am 
myself  inclined  to  think,  lif»wever,  that  some  plants,  such 
as  our  Knglisli  cuckoo-pint  and  the  famous  West  Indian 
inanchineel,  actually  derive  a  beneiit  from  their  poisonous 
properties ;  because  if  eaten  by  birds  or  small  mammals, 
they  might  destroy  their  liost,  and  tlie  seeds  would  thus 
liave  an  opportunity  of  gei'minating  in  the  midst  of  a  rich 
manure-heap,  consisting  of  its  decomposing  body. 

Another  analogy  with  entomophilous  flowers  may  be 
found  in  the  very  variable  nature  of  the  pulpy  and 
coloured  substance.  It  does  not  matter  at  all  wliat  por- 
tion of  the  seed-covering  or  its  adjacent  parts  happens 
lirst  to  show  the  tendency  towards  succulence,  sweetness, 
fragrance,  and  brilliancy.  It  serves  the  attractive  purpose 
equally  well  whether  it  be  calyx,  or  stalk,  or  skin,  or  re- 
ceptacle. Just  as  in  tlie  case  of  flowers,  we  found  that 
the  coloured  portion  might  equally  well  consist  of  stamens, 
petals,  scT'als,  bracts,  or  spatlie,  so,  but  even  more  conspi- 
cuously in  the  case  of  fruits,  the  attractive  ]nilp  may  be 
formed  of  any  organ  whatsoever  which  exhibits  the  least 
tendency  towards  a  pulpy  habit,  and  an  accumulation  of 
tjaccharine  deposits. 

Thus,  in  the  pomegranate,  each  separate  seed  is  enclosed 
in  a  juicy  testa  or  altered  shell;  in  the  nutmeg  and  the 
spindle-tree,  an  aril,  or  purely  gratuitous  coloured  mass, 
spreads  gradually  over  the  whole  inner  nut ;  in  the  plum 
and  cherry,  a  single  part,  the  pericarp,  divides  itself  into 
two  membranes,  whereof  tlie  inner  or  protective  coat  is 
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liani  and  stony,  while  the  outer  or  attiactivn  coat  is  soft- 
sweet,  and  bright  coloured ;  in  the  strawberry,  the  recep- 
tacle, wliich  should  naturally  be  a  mere  m-oow  bed  for  the 
various  seed-vessels,  grows  \\\'j\\,  round,  pulpy,  sweet,  and 
ruddy;  in  the  rose,  tlie  fruit-stem  expands  into  a  scarlet 
berry,  containintf  the  peed-vessels  within,  which  also  hap- 
pens in  a  sh'ghtly  dillereut  manner  with  the  ajiple,  pear, 
and  quince;  while  in  the  iig  a  similar  stem  encloses  the 
innumerable  seeds  behmging  to  a  whole  colony  of  tiny 
blossoms,  which  thus  form  a  compound  fruit,  just  as  the 
daisy  head,  with  its  mass  of  clustered  florets,  forms  a 
composite  flower.  Strangest  of  all,  the  common  South 
American  cashew  tree  i)ro(hice3  its  nut  (whi(;h  is  the  tv\w 
fruit)  at  the  end  of  a  swollen,  pulpy,  colounnl  stalk,  and 
so  preserves  its  embryo  by  the  vicarious  sacrifice  of  a 
fallacious  substitute.  These  are  only  a  few  out  of  the 
many  ways  in  which  the  selective  power  of  animals  has 
varied  the  surroundings  of  different  seeds  to  servo  a  single 
idtimate  purpose. 

Xor  is  any  plan  too  cxtravagaiiL  for  adoption  by  some 
aberrant  species.  AVhat  seed-organ  could  seem  less  adapted 
for  the  attraction  of  animals  than  a  cone  like  that  of  pines 
and  fir-trees  ?  Yet  even  this  hard,  scaly  covering  has 
been  modified,  in  the  course  of  ages,  so  as  to  form  a  fruit. 
In  the  cy[)ress,  with  its  soft  young  cones,  we  can  see  dimly 
the  first  step  in  the  process;  in  the  juniper,  the  cone  has 
become  ([uite  succulent  and  berry-like;  and  fimdly,  in  the 
red  fruit  of  the  yew,  all  resemblance  to  the  original  type 
is  entirely  overlaid  by  its  acfpiired  traits. 

K(|ually  significant  is  the  fact  that  closely  allied  species 
often  choose  totally  different  means  for  attracting  or 
escaping  observation.  Thus,  witiiin  t  j  limits  of  the  rose 
tribe  itself  we  get  such  remai'kable  variations  as  the  straw- 
Vierry,  where  the  receptacle  f(jrms  the  fruit;  the  apple, 
which  depends  on  the  peduncle,  or  swollen  stalk,  for  its 
allurement ;  the  raspberry,  where  each  seed-vessel  of  the 
compound  group  has  a  juicy  coating  of  its  own,  and  so 
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forlli;  while,  on  the  other  hand,  tlie  pijU'iililLi  lias  no 
fruit  at  all,  in  the  popular  sense;  of  the  woi'd ;  and  the 
almond  actually  diverties  so  far  from  the  ordinary  haldls 
of  the  tribe  as  to  adopt  the  protective  tactics  of  a  nut. 
Similarly,  in  the  i)alni  tribe,  while  most  sj)ecies  forlily 
themselves  aL!,ainst  monkeys  by  extravagant  hardness,  iis 
we  see  in  the  vegetable  ivory,  and  the  solid  coquilla  mils 
from  which  door-iiandles  are  manufactured,  a  few  kinds, 
like  the  date  and  the  doom-palm,  trust  rather  to  the  soft- 
ness and  sweetness  of  their  pulj)  as  aids  to  dispei'sion. 
The  truth  which  we  learn  from  these  diverse  cases  may 
be  shortly  summed  up  thus :  Whatever  ])eculiaritie3  tend 
to  preserve  tlie  life  of  a  species,  in  whatever  ofjpositcj 
vvays,  equally  aid  it  in  the  struggle  for  life,  and  may  be 
indiri'erently  protluced  in  the  most  closely  related  types. 

1  have  given  this  large  amount  of  space  to  the  con- 
sideration of  fruits,  because  I  believe  we  can  hardly  ovei- 
estimate  their  importance  in  quickening  the  colour-sense 
of  the  higher  animals,  and,  above  all,  in  settling  tlie 
a'Sthetic  tastes  of  biids,  (piadrumana,  and  men.  We  arc 
apt  to  forget  how  considerable  an  element  in  the  total 
coloured  environment  of  forestine  animals  is  formed  by 
brilliant  fruits.  The  utilitarian  connection  of  fruits 
generally  has  made;  us  cultivate  them  more  for  tlicir 
])ulp  and  sweetness  than  for  their  beauty,  and  in  many 
cases  they  have  actually  lost  in  colour  under  cultivation  ; 
while  flowers,  being  selected  entirely  for  their  visual 
attractiveness,  have  gone  on  developing  more  and  more 
expanded  masses  of  bright  petals.^  JUit  if  we  look  at 
a  few  striking  instances,  we  shall  find  that  fruits  almost 
ecpial  in  native  beauty  their  earlier  rivals,  the  entomophilous 
blossoms.  Among  cultivated  varieties  commonlv  grown 
in  Britain,  we  may  take;  api)les,  ])lums,  peaches,  chei'i'iiis, 
gra})es,  strawberries,  raspberries,  currants,  and  pumpkins; 
while  it  may  be  worth  while  to  remind  the  reader  thai. 

'  See  this  point  further  eUieidated  in  Chapter  XII.,  on  the  ^Esthetic  Viihie 
of  Colour. 
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curtain  uLbev  fruits  or  seeds,  Mliicli  usually  appear  on  ouf 
tables  in  a  ureen  state,  like  cucumbers  and  scarlet-runner 
beans,  bave  brilliant  coats  in  tbeir  mature  foi'nis.  Amonifst 
l']iiL;lisb  wild  fruits,  suHitdent  examples  will  be  found  in 
ibe  bips,  baws,  boUyberries,  mistletoe,  sloe,  mountain  asb, 
barberry,  yew,  juniper,  ivy,  spindle-tree,  arum,  blackberry, 
iris,  sallVon,  elder,  and  sea-bucktborn.  liic  tropics  and 
sub-tropical  climates,  bowever,  su[»ply  us  witli  far  more 
gorgeous  examjdes  in  tbeir  oranges,  sbaddocks,  lemons, 
numgoes,  star-apples,  pomegranates,  capsicums,  bananas, 
nutmegs,  acbccs,  egg-fruils,  ])rickly  pears,  tomatoes,  winter 
eiierries,  solanunis,  dates,  and  [)assion-ilowcr  berries,  In 
fact,  we  may  say  tbat  fruits-pro])er  exbibit  larger  amounts 
of  brilliant  colouration  tban  any  otber  class  of  organic 
objects  except  entomopbilous  llowers. 
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AiTlloiJOii  tlie  perception  of  colour  by  birds  and  inaininiils 

lias  been  taken  for  granted  in  the  preceding  chapter,  nnd 

although  it  is  practically  all  but  incontestalde  that  the; 

liigher  vertebrates   are   quite   as    fully  endowed  in  this 

respect  as  ourselves,  yet  the  positive  proofs  which  can  bo 

advanced  in  favour  of  the  belief  are  very  meagre  and  iii- 

Riillicient.     The  only  real  evidence  is  that  su]»plied  by  our 

every-day  observation,  but  no  person  familiarly  acquainted 

with  the  habits  of  birds  and  mammals  ever  doubts  tor  a 

jnoment  their  essential  agreement  with  ourselves  so  far  as 

concerns  the  visual   faculties.     Xevertheless,  it  may  be 

W(dl  to  point  out  the  few  positive  facts  which  are  fortli- 

coining  on  the  subject,  connecting  them  at  the  same  time 

with  the  i)robable  genesis  of  the  developed  sense. 

Ap[)arently  the  perception  of  colour  is  inherited  by  the 

wliole  vertebrate  series  from  some  earlier  common  ancestor. 

At  any  rate,  considtu'able  traces  of  the  colour-sense  may 

be  detected  among  many  marine  invertebrates.     The  best 

known  instance  is  that  of  tlie  chameleon  shrimp  (J/y/.s/.s- 

chamaico),  wliicli  has  the  power  of  altering  its  own  coloui- 

in  correspondence  with  the  material  among  which  it  is 

f(juiid.     When  lying  on  a  sandy  bottom  it  appears  grey  : 

])ut  when  lurking  among  seaweed,  it  is  green  or  reddisli 

brown,  according  to  tlie  nature  of  the  background.     This 

change  is  produced  by  means  of  a  reliex  action  connected 

M'ith  the  eve,  for  wlum  the  animal  is  blinded  it  no  longer 

occurs.     In  other  words,  we  must  suppose  that  when  the 
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nplic  iu;ivi;  ol  Llii.'  ,sliiiiii|)  i.s  airi'rli'd  \\y  tin;  ;^r(;(!ii  li^IiL 
tVoiii  u  |)i('('(i  of  siniwtM'il,  t'cj'taiii  ihuhcIcs  are  .set  in  aclioii, 
V(»liiiitaiily  or  iuiloiiialically,  wliicli  catiso  a  (loricjspoudiiiL; 
rliaii;;r  in  tlid  arnuij,'<'iinMil  of  I  Ik;  {(i'^iiuMil  ct'lLs,  so  that 
the  aiiitiial  apjujara  ;,'ri!(!ii  itsulf.  il  may  In;  aildcd,  too, 
that,  tliis  iicculiarity  alTonls  an  indirect  proof  of  a  (■oh)ur- 
.scnsi'  in  th(!  ciii'mics  of  tho  chanicUion  shrini})  i^whiuh 
cannot  h;  more  iii.^hly  dcvidopcd  animals  than  llshcs, 
and  may  j)('rha)>.s  i)y  other  crustaceans) ;  iu'cansu  thti 
creatnrt!  can  only  jiossuss  this  power  for  tlu;  sako  of 
eseapin;4  the  ohservalion  of  its  foes.  If  we  iMiliovo  it 
to  he  so  jtrovided  for  the  [lurposo  of  deceivinjf  its  prey, 
then  We  must  allow  the  (existence  of  colour-perception 
evi'ii  in  more  h)wly  forms  on  the  averaj^o  than  fishes  or 
Crustacea. 

Indeed,  the  luilliant  nature  of  many  marine  animals 
an<l  plants  affords  an  exiudlent  o[)portunily  fur  the  do- 
V(dopnu>nt  of  a  colour-scuise.  Instisad  of  tho  uniform 
^reeii  of  the  forest,  with  the  dingy  black  or  brown  of  soil 
and  rocks,  we  iuive  h'jre  tho  ex([uisito  colours  of  sea- 
anenu)nes,  stariish,  corals,  serpuhe,  jellyfish,  callianiridie, 
a  phr(nlitidic,ascidians,  sea-slugs,  and  shell-covered  niollusca, 
which  browse  amid  groves  of  variegated  iilgie,  whose  hues 
are  far  nu)re  diviu'sihed  than  those  of  lerrestr'  d  vegeta- 
tion. Amongst  such  surroundings  it  would  almost  be 
impossible  that  a  colour-sense  should  not  take  its  rise; 
and  many  indirect  jn^oofs  cons])iie  to  show  that  in  the 
class  of  fishes  at  least  it  exists  in  high  y)erfection. 

Tho  most  striking  evidence  is  that  allorded  by  certain 
ilat-lish,  which,  like  the  cliameleon  shrimj),  ])ossess  tho 
})Ower  of  changing  their  colour,  so  as  to  suit  the  bottom 
u])on  which  tlmy  lie.  J  [ere  again  the  peculiarity  ]U)t  only 
shows  that  the  fish  themselves  are  diirerentially  affected 
by  the  various  colours,  but  also  that  their  enemies  or 
l»rey  are  conscious  of  similar  diU'crenccs,  or  else  the  dis- 
guise wonld  be  useless. 

K(\ually  significant  is  the  colouration  of  the  common 
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sole,  lirill,  ilal),  iiiul  llumulcr.  Any  pursoii  who  lias  sucii 
tJieai.'  lislu  s  lyiii;^'  <jii  a  iiaLiHiil  hultoiii  or  in  an  a([n;irium 
must  liav(!  hiun  stnick  liy  tlu.'  puifocLitjii  of  tin;  iiniLatiori, 
wliicli  (iflcn  hallk'H  oveii  liiiinaii  eyes,  in  spite  of  tliu 
actual   kii(twleilj^(5   that  a  lisli  i.s  .somewhere  to  hr  fouiiil 

upon  tll!^  KJIUt. 

In  lik(!  manner,  tlie  fishes,  mollnaca,  iind  cru.stacean«J 
wl'ich  inhahil  the  sar-asso  wceil,  are  ail  protectively 
coloured  of  lixactly  tlu;  .same  j)ale  liul'l'luie  as  tin;  sar^'as.so 
itself.  Ontt  may  often  eloscsly  examine  a  pii'ce  of  tlu; 
weed,  freshly  bnaight  up  in  a  bucket  of  sea- water,  and 
yet  fail  iu  detect  any  si;j,ii  (jf  life,  until  the  attempt  to 
i-aiso  the  weed  from  the  water  reveals  the  fact  that  soino 
small  crabs  or  tiny  lishes  arc  lurkin;^  unseen  amonj^'  its 
wavin,!,' branchi's.  In  all  such  cases,  tbe  existence  of  the 
imitative  coloui'in^f  is  fair  pnjof  that  it  suliserves  the  ^ood 
of  the  sjjecics  by  jirotectin^'  its  members  a^jainst  enemies, 
or  enalding  them  more  readily  to  secure  their  prey. 

Perhaps  the  only  direct  evidence,  however,  is  that  of 
the  baits  used  by  fishermen.  Mackerel  and  other  fish  are 
often  taken  by  means  of  red  ra^^s.  A  spoon  painted  bright 
scarlet  forms  a  cajiilal  trolling  bait.  All  anglers  are 
agreed  that  trout  can  discriminate  betweeu  the  various 
imitation  llict.s  oireied  to  their  notice,  and  that  the  original 
colours  nmst  be  carefully  copied.  Indeed,  the  fads 
rather  tend  to  show,  not  only  that  lishes  can  discriminate; 
colours,  but  also  that  they  ai-e  attracted  by  metals  or  other 
brilliant  objects,  and  by  pure  or  intense  hues.  A  taste 
for  colour  as  well  as  a  mere  neutral  perception  seems  to 
be  implied  by  these  observations. 

Those  who  have  given  the  greatest  attention  to  the 
subject  are  inclined  to  credit  fish  with  a  very  high  degree 
of  colour  sensibility ;  and  their  opinion  may  be  set  down 
here  as  having  some  weight  in  so  nncertain  a  subject. 
.Mr.  H.  N.  jMosely,  the  accomplished  naturalist  of  the 
tUiallcnfjer  expedition,  ])elievcs  that  almost  all  the  colour.s 
o'i  marine  animals  have  been   acquired   for  purposes  of 
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warning,  protection,  or  attraction  of  Jtrcy,  and  that  tlicy 
have  special  reference  to  the  eyes  of  fishes  and  liigher 
crustaceans.^  The  whole  colouration  of  tlie  lower  aquatic 
organisms  is  exactly  what  we  should  expect  it  to  he  if  tlio 
more  higiily  evolved  marine  creatures  were  possessed  of 
a  colour-sense  ;  and  it  is  quite  inexplicahle  and  gratui- 
tously complex  if  we  suppose  tliem  to  be  destitute  of  sucli 
a  faculty.  ]\Ir.  Darwin  is  further  of  opinion  that  the 
colours  of  many  fishes  have  been  produced  by  tlie  action 
of  sexual  selection ;  and  though  I  do  not  mean  to  treat 
this  part  of  our  subject  in  detail  till  a  later  chapter,  T 
think  the  conclusion  of  so  careful  and  masterly  an  ob- 
server has  coiLsiderable  substantive  value  as  corroborative 
of  the  positive  facts. 

AVhen  wc,  proceed  to  examine  the  amiihibia,  much  better 
evidence  is  available.  The  two  colours  green  and  blue 
are  the  least  markedly  different  of  all  hues ;  and  if  they 
can  be  discriminated  from  one  another  by  any  species,  we 
may  be  sure  that  that  species  possesses  a  very  perfec^t 
form  of  colour-sense.  Kiihne  of  Heidelberg,  in  the  course 
of  certain  researches  on  the  nature  and  functions  of  retinal 
purple,  discovered  that  if  a  number  of  frogs,  liana  esculcnta 
and  R.  ti'mpo7'aria,ave  confi:ied  in  a  shallow  dish,  one  half 
of  which  is  covered  witli  lireen  <'lass  and  the  other  lialf 

o  o 

with  blue,  they  will  shortly  all  collect  under  the  green 
portion.  Great  care  was  taken  to  eliminate  all  disturbing 
elements,  such  as  unequal  transparency  to  heat  (diather- 
mancy), or  unequal  intensity  of  illumination,  and  it  was 
conclusively  ascertained  that  an  enormous  majority  of  thr 
frogs  exhibited  a  distinct  preference  for  the  colour  green 
over  the  colour  blue.  Blind  frogs  introduced  into  tiie 
same  vessel  showed  no  ])reference  for  one  part  ovei- 
another.2  In  this  case,  again,  it  is  interesting  to  note 
that  a  special  emotional  taste,  as  well  as  an  intellectual 


^  Quarterly   Jom-nul   of   Microsco-        *  Uiitcrsiicli.  aus  dom  Physiol.  Tii- 
piciil  Science,  New  iSeries,  vol.  xvii.     stitut  in  lloidolbcrtj,  Uund  i.  llcft  2. 
lip.  19,  22. 
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discrimination,  is  proved  by  the  facts;  and  this  taste 
becomes  particularly  interesting  from  the  point  of  view 
of  sexual  selection,  when  we  remember  that  green  forms  a 
very  common  colour  amongst  the  Ranidce. 

Frogs  likewise  possess  the  power  of  changing  their 
colour  in  correspondence  with  the  environment,  in  the 
same  manner  as  already  noted  in  Mysis} 

lleptiles  also  show  some  distinct  marks  of  colour- 
perception.  The  most  familiar  instance  is  that  of  the 
chameleon,  whose  natural  hue  is  a  muddy  white,  changing 
with  the  nature  of  the  background  to  yellow,  brown, 
green,  or  bluish  grey.  The  mechanism  by  which  this 
cliange  is  effected  has  met  with  full  treatment  at  tlie 
hands  of  Von  Wittich.^  Two  layers  of  pigment  cells  are 
deeply  seated  under  the  skin,  consisting  of  blue  and 
yellow  colouring  ma,tter  respectively;  and  by  forcing  up 
one  or  other  of  these  layers  through  muscular  pressure, 
tlie  animal  assumes  a  bluish  or  yellowish  tint,  while  the 
green  is  produced  by  simultaneous  pressure  upon  both 
layers.  In  this  manner  the  chameleon  is  able  to  simulate 
the  appearance  of  the  branches  or  leaves  on  which  it 
stands,  and  so,  perhaps,  both  to  escape  enemies  and  de- 
ceive prey.  As  before,  the  power  of  changing  colour 
implies  impressibility  both  in  the  animal  itself  and  in 
certain  other  species  for  whose  deception  the  iiabit  has 
been  acquired.  The  action  is  undoubtedly  reflex,  and 
cea.^es  if  the  eyes  be  covered. 

]Many  of  the  insects  wluch  mimic  leaves  or  other  like 
objects  in  the;  environment  have  probably  gained  this 
means  of  protection  to  escape  the  notice  of  lizards  and 
other  reptiles.  Dut  as  the  mimetic  resemblance  is  oftener 
useful  for  deceiving  birds,  we  may  more  fitly  consider 
these  cases  when  we  pass  on  to  examine  the  colour-sense 
in  the  higher  vertebrates.     There  are  one  or  two  instances 
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'  Poucliet,  Coniptes  Uendus,  xxvi.        2  Proo.  Vienna  ImprrialAciid.  Nut. 
.S7S,  anil  Lister,  IMiil.  Triuis.,  148,  p.     Sci.,  vol.    iv.,  ami  Miiller's  Arcliiv., 
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of  protective  colouring,  liowever,  which  evidently  liavo' 
reference  to  the  reptilian  eye  alone.  IMr.  Dates  mentions 
a  South  American  snake  {DnjophU  falgida),  whose  pale 
green  body  exactly  resembles  the  stem  of  a  liana,  and  even 
imposed  upon  the  keen-eyed  naturalist  himself  at  first 
sight.  The  prey  for  which  tliis  living  branch  lies  in  wait 
consists  of  tree-frogs  and  lizards.^  These,  themselves, 
in  turn,  may  perhaps  escape  it  by  their  own  prevailing 
greenness,  which  makes  them  so  diflicult  of  detection 
amongst  the  foliage  on  which  they  rest.  Again,  Sir 
Joseph  Hooker  found  three  ticks  on  an  Indian  lizard, 
each  of  which  was  coloured  in  imitation  of  that  part  of  its 
host's  body  on  which  it  preyed.  One  from  the  yellow 
belly  was  yellow ;  one  from  the  brown  head  was  brown ; 
and  one  from  the  parti-coloured  scales  was  parti-coloured, 
"  the  hues  corresponding  with  the  individual  scales  which 
they  covf'red."  -  Here  we  can  hardly  suppose  that  the 
imitation  could  be  of  any  use  except  as  a  protection 
against  the  lizard  himself  and  the  other  members  of  his 
family. 

It  may  be  worth  while  to  mention  in  passing  that  many 
lizards  besides  the  chameleons  possess  the  power  of  chang- 
ing their  colour  by  inflating  their  lungs,  which  compresses 
or  spreads  the  layers  of  pigment  cells.^  The  sexual  col- 
ours of  the  beautiful  Draco  and  other  reptiles  have  been 
fully  described  by  j\Ir.  I  )arwin.  "  The  sliining  appendages 
of  the  throat,"  says  Dr.  Giinther,  "  are  merely  folds  of  the 
skin,  ornamental  and  sexual.  Such  appendages  always 
betray  an  excitable  temper,"  or,  in  other  wonls,  co-exist 
with  strong  sexual  jealousies.  The  sig:iificance  of  these 
facts  will  become  more  apparent  wiicn  we  pass  on  to 
the  general  question  0"  selective  preference  for  decorated 
mates. 

Among  birds,  the  perception  of  colour  is  shown  by  a 

'  The  Nntumlist  on  the  AmazoiiB,        '  Guntlier,  Keptiles  of  Hritish  lu- 
p.  Qf).  dia,  p.  56. 

^  HimalHyan  Journal,  vol.  i.  p.  37. 
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Vav'IQ.  nuniLer  of  facts,  collected  by  Mr.  Darwin.^  A  tame 
jjartridge  described  by  .Mr.  llussey  "  seemed  fond  '  of  gay 
colours,  and  no  new  gown  or  cap  could  bo  put  on  witliout 
catcliing  his  attention.'  "  '••  Lord  Lilford  notices  tliat  tho 
ruir  "  will  dart  down  to  a  bright-coloured  handkerchief, 
regardless  of  repeated  shots."  -^  The  well-known  bower-bird 
"  collects  gaily  coloured  articles,  such  as  the  blue  tail- 
feathers  of  parrakeets,  bleached  bones,  and  shells."  Mr. 
tJould  "  found  in  one  bower  a  neatly  worked  stone  toma- 
hawk and  a  slip  of  blue  cotton."  "  The  regent-bird,  as 
described  by  Mr.  liamsay,  ornaments  its  short  bower  with 
bleached  land-shells  belonging  to  live  or  six  species,  and 
with  berries  of  various  colours,  blue,  red,  and  black,  whicii 
give  it  when  fresh  a  very  pretty  appearance.  Besides 
these,  there  were  several  newly  picked  leaves  and  young 
shoots  of  a  pinkish  colour,  the  whole  showing  a  decided 
taste  for  the  beautiful."^ 

To  these  facts,  wliich  bear  evidence  to  taste  as  well  as 
perception,  Ave  may  add  the  antipathy  of  the  turkey-cock 
to  scarlet,  which  is  probably  an  effect  of  sexual  jealoiisy, 
as  the  red  v.ould  be  ancestrally  associated  in  his  mind 
with  the  Avattles  of  a  rival.  "  The  recognition  of  colour 
by  small  birds  generally,"  says  a  late  writer,^  "  is  indis- 
puiablc.  Every  one  must  have  observed  with  varied  feel- 
ings the  discrinunation  with  Avliich  they  select  the  '  sunny 
side '  of  a  pear,  a  plum,  or  a  peach.  It  is  also  an  esta- 
blished fact  that  they  will  attack  the  red  currant  in 
j)reference  to  the  white  variety,  though  the  latter  is  much 
the  sweeter  of  the  two.  ^Many  observers  during  the  last 
few  years  have  pointed  out  how  the  yellow  crocus  is  torn 
to  pieces  by  sparrows  and  other  birds,  while  the  white  and 
r>t ]>.>'•       vielies   are   unmolested."     I   have  myself  often 

'  Tho  Descent  of  Man,   vol.  ii.  p.  Australia,  1865,  vol.  i.  jip.  444-461; 

no.  and   Kanisay,  in  "The  Il)ia,"  1867,  p. 

-  The  Zoologist,  1847-48,  p.    i6o2,  456,  quoted  in  Darwin,  ubi  supi'a. 

>Hu>tvd  iu  Durwiu,  iibi  supra.  "  "Tlio    Senses    of     tho     Lower 

*  "The  Ibis,"  vol.  ii.  p.  344,  i860.  Animals,"  in  tho  Quarterly  JourniU 

*  Goulil,  Handbook  to  the  IJirds  of  of  Science,  July  1878. 
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noticed  in  Jamaica  the  unerring  certainty  with  wliich 
chickens  darted  from  blossom  to  blossom  of  a  yellow 
potentilla,  for  which  they  have  a  particular  fancy,  and 
which  they  always  snapped  up  as  thougli  they  supposed 
it  to  be  alive. 

These  instances  lend  us  on  to  those  of  the  fruits,  whose 
development  we  examined  in  our  last  chapter.  "  lied," 
says  ^Ir.  Wallace,  "  being  a  very  common  colour  of  ripe 
fruits  which  attract  birds  to  devour  tliem  and  thus  dis- 
tribute their  seeds,  we  may  be  sure  that  the  contrast  of 
red  and  green  is  to  them  very  marked."^  But  this  seems 
to  me  a  somewhat  inadequate  expression  of  the  real  evi- 
dence on  the  point.  We  have  seen  tliat  almost  all  those 
seeds  or  fruits  which  would  be  injured  by  the  interference 
of  birds  are  protectively  coloured  green  or  brown,  while 
almost  all  those  seeds  or  fruits  which  would  be  aided  by 
the  interference  of  birds  are  attractively  coloured  red, 
])ink,  orange,  yellow,  purple,  blue,  lilac,  or  black.  I  think 
ihese  facts  fully  justify  us  in  concluding  that  birds  are 
able  to  distinguish  every  one  of  these  colours  from  green, 
and  most  likely  from  one  anotlier.  Otherwise  there  wouhl 
be  no  reason  why  succulent  fruits  should  differ  iu  colour 
from  nuts.  The  single  case  of  the  almond  and  the  plum 
will  bring  the  question  at  issue  into  strong  relief.  As  in 
tlie  case  of  entomophilous  flowers,  so  in  the  case  of  succu- 
lent fruits,  unless  we  believe  that  the  seemingly  attractive 
organs  were  developed  for  the  purpose  of  enticing  animals, 
we  must  believe  tliat  they  are  a  positive  waste  of  energy 
to  the  parent  plant. 

The  evolution  of  bright  flowers  tliemselves  shews  that 
liirds  as  well  as  insects  are  attracted  by  their  beautiful 
])etals.  Mr.  Darwin  lias  collected  many  instances  in 
which  blossoms  are  fertilised  by  birds;  and  Fritz  Miiller 
notes  several  species  of  Ahntilon  in  r)razil,  which  he 
believes  depend  entirely  on  humming-birds  for  the  disper- 
sion of  their  pollen.^     Mr.  Wallace  observes  that  brilliant 

1  Tropical  Nature,  p.  246.  2  CroBs-Fertilisation,  p.  371. 
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flowers  with  liauJsoine  corollas  exist  in  many  Oceanic 
islands,  such  as  Juan  Fernandez,  where  Hying  insects  arc 
ahnost  unknown  ;  but  their  pUxce  is  supplied  by  humming- 
birds, which  ]Mr.  i\Iosely  mentions  as  being  "  extraordinarily 
abundant."  ^  i\Ir.  Belt  believes  that  a  climbing  plant  of 
Central  America,  jl/<«r7?va' /a  ncpcnthuidcs,  has  been  specially 
adapted  to  the  same  birds ;  while  Mr.  Wallace  thinks  that 
many  Australian  and  ^lalavan  flowers  have  been  similarlv 
specialised  for  the  visits  of  honey-eaters,  lories,  and  sun- 
birds.  "Only  large  flowers,"  says  Mr.  J.  E.  Taylor,  "can 
be  visited  by  these  birds,  or  those  whose  polypetalous 
corollas  allow  of  the  head  being  thrust  into  the  centre. 
Hence  we  have,  in  some  measure,  a  reason  afforded  us  for 
the  larger  size  of  the  flowers  in  regions  where  such  birds 
are  abumuant.  The  large  bushes  and  trees  of  such  countries 
usually  bear  very  fine  showy  flowers  in  order  to  attract 
the  birds ;  and  it  is  found  that  the  brush-tongued  parra- 
keets  are  particularly  fond  of  the  ilvy.,wrs  which  grow  at  a 
height  above  the  ground."  -  Any  one  who  has  watched  a 
humming-bird  darting  with  lightning  speed  from  blossom 
to  blossom  could  hardly  have  a  doubt  of  his  acute  C(jlour- 
perception. 

The  proofs  afforded  by  imitation  and  mimicry  are 
stronger  in  the  case  of  birds  than  of  any  other  class.  One 
may  say  generally  that  almost  all  insects  which  display 
protective  or  imitative  colouring  do  so  for  the  sake  of 
escaping  birds  or  lizards.  A  few  cases  nmst  suffice  to 
show  the  general  tendency  of  the  evidence.  The  leaf  and 
stick  insects  (rhylliidic  andriiasmidte)  closely  imitatp  the 
colours  and  shapes  of  leaves  and  sticks.  One  in  particular, 
the  Ceroxylus  laccmtus,  is  apparently  overgrown  by  moss 
or  jungermannia.^      Sir  Emerson  Tennent  describes  the 

^  Tropical  Nature,  p.  273.  ^"t  the  omission  would  liiive  been  ii 

*  Flowers,    their    Origin,    &c.,    p.  serious  defect;  so  1  have  here  departed 

294.     Tlds  is   tlie   only   instance    in  from  my  usual  rule,  and  taken  most 

which  I  liave  availed  myself  of  new  of  the  above  casus  from  J\Ir.  Taylor's 

matter  from    this   interesting   little  pages. 

vohune,  which  appeared  while  I  was        '^  Wallace,    Contributions    to   the 

iii  course  of  revising  my  manuscript ;  Theory  of  Natural  Selectiou,  p.  64. 
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li;af-insects  as  possessing  "  all  varieties  of  hue,  from  tlio 
])uli)  yellow  of  an  opening  l)ud  to  tlie  rich  green  of  tlic; 
lull-blown  leaf  and  the  withered  tint  of  decay," ^  The 
Kdlllma  ^^rm/t'/i'/a,  a  leaf-like  butterfly  of  the  Malay 
ArchijK'lago,  always  rests  among  dead  or  dry  loaves,  wh.ich 
it  resembles  in  all  their  varying  hues,  even  appearing  to 
be  spotted  with  small  fungi.  Canon  Tristram  has  noted 
lliat  almost  every  insect,  bird,  or  reptile  inhabiting  the 
desert  of  Sahaia  is  coloured  exactly  like  sand,-  and  Lord 
George  C^ampbell  mentions  a  butterlly  similarly  imitative? 
of  its  background  which  fre(piente(l  the  sea-shore  at  Am- 
boyna.^  A  South  American  Lcptalk  so  closely  resembles 
an  uneatal)lc  lUiomia  "in  every  shade  and  stripe  of  colour," 
that  Mr.  l>ates  could  hardly  distinguish  them,  even  with 
the  aid  of  his  minute  entomological  knowledge.  "  ( )ne  of 
the  Hemiptera  (Spinif/cr  lutcicornifi)"  says  ]Mr.  Belt,  "had 
every  part  coloured  like  the  hornet  {Priocncmis)  that  it 
resomljled.  \w  its  vibrating  coloured  Aving-cases  it  depart(>d 
greatly  from  the  normal  ehaiacter  of  the  Hemiptera  and 
assumed  that  of  the  hornets."'*  I'he  same?  (;areful  observer 
gives  many  similar  instances  of  mimetic  resemlJance  in 
ihe  Coleoptera,"''  and  Lepidoptera.*'  lUit  ])erhaps  the  most 
jLStonishing  of  these  imitative  forms  is  that  of  a  moss-like 
insect,  the  larva  of  a  Phasma,  whicli  is  prolonged  into 
curious  green  iilamenis,  to  mimic  tlie  moss  in  which  it 
lives.'^  Of  course  these  creatures  could  derive  no  advantage 
from  their  minute  reproduction  of  spots,  lines,  and  hues, 
unless  the  enemies  against  wliieh  they  reepiired  protection 
were  capable  of  distinguishing  their  colours. 

Mimicry  or  imitative  devices  of  this  sort  are  not  confined 
to  insects.  Many  lizards,  such  as  the  geckos,  have  colon i-s 
like  those  of  the  walls  on  which  they  cniej) ;  while  tlie 

^  Ceyloii,  p.  251.  authority,  lie  may  be  confidently  relied 

2  See  also  Gurney,   Humbles   of  a  on  for  any  ([ue.stion  of  fact. 

Naturalist,  p.  56.  *  The  Naturalist  in  Nicaniyuii,  j). 

•*  Log-letters  from  the  Challenger,  319. 

\t.  '.S.    Altiiough  this  amusin;^  writer  *  Ibid.,  p.  317.                ^  P.  382. 

can  hardly  be  considered  a  scientitiu  '*  Figured  in  Belt,  ubi  supra,   ]>. 

382. 


i' 


THE  COLOUR-SENSE  L\  VERTEHRAIES. 


127 


ymitectiv'e  greoii  Inie  of  the  troo-frogs  has  ulreadv  Leon 
jioticcd.  .  Evou  birds  occasionally  mimic  one  ano  ,ier  in 
the  same  manner.  For  exam]>le,  two  s])eoies  of  Mimcia 
(a  sort  of  ori(jle),  in  IJouru  and  (Jerani,  imitate  two  7Vopi- 
dorlnjnchi  (honeysuckers)  in  minute  details  of  colour, 
thus  escaping  small  birds  of  prey,  as  the  7roj->idorhi/nehi 
jire  strong,  and  ])ugnacious  creatures.^  For  other  cases 
the  reader  must  be  referred  to  Mv.  Wallace's  admirable 
essay  on  "  ATimicry  and  other  I'rotective  ra'semblances 
among  Animals." 

Tiiese  various  proofs,  though  indirect,  can  leave  lis  in 
little  doubt  with  regard  to  the  general  existence  of  a 
colour-sense  among  birds. 

When  we  come  to  the  highest  class  of  vertebrates — the 
mammalia — strangely  enough  tin;  evidence  of  a  colour- 
sense  almost  entirely  fails  us.  The  antii)athy  of  male 
ruminants  for  scarlet,  and  the  curiosity  which  certain 
monkeys  display  with  regard  to  bright-coloured  objects, 
are  the  only  facts  in  ]ioint  which  come  under  ordinary 
observation.  'J'his  result,  so  contrary  to  what  we  might 
have  expected,  a])pears  really  quite  natural  when  we  exa- 
mine more  closely  the  circumstances  of  the  case.  By  far 
the  larger  i)art  of  the  mannnalia  are  either  herbivorous 
like  the  ruminants  and  pachyderms,  or  carnivorous  like 
the  technical  carnivores,  insectivores,  and  whales.  ()uly 
a  small  portion  of  the  class  subsists  npon  fruits,  wliile 
none  of  them  are  very  specially  coniuicted  with  flowers. 
Hence  a  large  set  of  possible  tests  which  we  can  employ 
in  the  case  of  insects  and  birds  are  wholly  inapplicable  to 
mamnmls.  ^Moreover,  the  want  of  close  relations  with  the 
coloured  parts  of  plants  has  probably  resulted  in  a  want 
of  any  peculiar  love  for  bright  colour,  such  as  we  see 
reason  to  sus[)ect  in  the  butterllic^s,  humming-birds,  and 
parrots.  This  absence  of  a  taste  for  brilliancy  is  probably 
marked  by  the  absence  of  brilliant  hues  in  the  animals 
themselves,  the  result  of  sexual  selection  ;  for  these  hues, 

'  Walliice,  Miiliiy  Aicliipclago,  ji.  ^oi. 
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u.H  wc  sliall  sec  hereafter,  only  appear  among  the  main- 
inaiia  in  a  few  liigher  arboreal  and  frugivuroius  dpccie^^, 
such  as  the  mandrill  and  certain  squirrels.  Fur  the  most 
part,  throughout  the  mammalian  series  sexual  selection 
seems  only  to  have  exerted  itself,  if  at  all,  in  the  produc- 
tion of  elegant  shapes,  protuberances  like  horns  and  dew- 
laps, and  marked  contrasts  of  light  and  shade,  as  in  the 
zebra,  giraffe,  and  liyrena. 

2severtheless  we  can  hardly  doubt  tiiat  mammals  do 
l^ossess  a  considerable  colour-sense,  though,  owing  to  the 
circumstances  of  their  piactical  environment,  their  tasto 
for  any  special  hue  is  probably  far  from  strong. 

Here  once  more  1  must  remind  the  reader  that  the 
])roofs  of  a  colour-sense  throughout  the  whole  infra-human 
world  are  necessarily  very  derivative,  and  that  they  owe 
their  chief  strength  to  their  cunuilative  character.  The 
fragmentary  evidence  collected  in  this  chapter  will  bo 
nmcli  corroborated  and  supplemented  by  that  which  will 
be  detailed  in  the  sequel.  Enough  will  have  been  done  if 
we  succeed  in  showing  that  the  hy])0thesis  <jf  a  general 
colour-sense  is  consonant  with  all  the  facts  of  nature,  and 
helps  us  to  understand  those  facts  in  a  way  which  no  other 
hypothesis  can  do.  For  the  present  it  will  be  sufficient  if 
we  bear  in  mind  the  one  great  point  hitherto  settled — that 
wherever  any  part  of  a  plant,  be  it  flower  or  fruit,  will 
derive  any  benefit  from  attracting  the  eye  of  an  animal,  be 
it  insect,  bird,  or  mannnal,  that  part  is  almost  invariably 
coloured  with  some  pure  and  brilliant  hue,  bo  it  blue,  red, 
yellow,  pirdv,  orange,  violet,  or  lilac,  quite  distinctive  from 
the  green  of  ordinary  vegetation.  This  one  fact  is  tho 
great  pivot  upon  which  turns  our  whole  knowledge  of  the 
animal  colour-sense. 
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CHAPTER  VIII. 

THE   COMMUNITY   OF   TASTE    BETWEEN    FLOWER- 
FEEDING   AND   FUUrr-EATING   Sl'ECIES. 

IJEi'or.K  wc  proceed  to  consider  the  secondary  reactions  of 
the  colour-sense  in  insects  and  vertebrates  npon  their  own 
external  appearance,  wo  nuist  glance  for  a  moment  at  one 
of  the  determining  causes  whicii  give  approximate  unifor- 
mity to  the  general  results  of  such  reactions  in  the  animals 
Avith  which  we  are  most  specially  concerned.  In  the  next 
chapter  we  shall  have  to  examine  the  production  of  bright 
luies  in  the  wings  of  butterflies,  the  skins  of  lizards,  the 
feathers  of  birds,  and  the  fur  of  mammals,  due  to  the 
selective  action  of  sexual  preferences.  But,  as  a  necessary 
j>reliminary  to  that  in(i[uiry,  we  must  first  set  ourselves  to 
determine  the  principles  which  govern  the  formation  of 
tastes  generally  among  the  flower-feeding  and  fruit-eating 
animals.  Before  we  can  trace  to  its  final  elTects  the  action 
of  a  sexual  preference  for  bright  colouring,  we  must  pre- 
viously find  out  with  certainty  the  reasons  why  a  taste 
for  such  colouring  should  exist  at  all  in  th'i  aninuil  con- 
sciousness. 

People  are  generally  too  apt  to  accept  as  ultimate  and 
obvious  every  fact  with  which  they  have  always  been 
familiar.  Seeing  that  bright  colours  as  a  rule  attract  chil- 
dren and  savages,  dogs,  birds,  fish,  and  insects,  they  do  not 
trouble  themselves  to  seek  a  reason  for  this  preference, 
l»ut  take  it  for  granted  as  an  inherent  and  natural  pro- 
])erty  of  the  animal  organism,  or,  more  often  and  more 

absurdly  still,  of  the  colours  themselves.     If,  however,  wa 
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rollect  upon  tlie  siiLjeet  for  a  inoiucut,  wo  shull  see  that 
tlicirc  is  110  priiiiitivc  aiul  si^lf-suniciiif;;  reason  in  the  nature 
of  thin;^s  wliy  any  one  cohjur  .shouhl  he  ni(jre  beautiful  to 
us  tliaii  another.  Dull  and  ilin<-'y  hues  mii^lit  eonceivahlv 
liave  been  just  as  pleasant  to  our  sense,  under  slightly 
diirercnt  conditions  of  our  development,  as  Ave  know  brii^lit 
and  pungent  lines  to  be,  uiuhir  the  actual  circumstances  of 
humanity.  AVe  uiust  get  m  little  deeper  into  the  grouiid- 
•work  of  our  likes  and  dislikes  if  we  would  really  under- 
stand the  origin  of  our  native  preference  for  brilliant  tints 
over  mixed  or  unstimulating  colours. 

NoAv,  after  this  i)reamble,  most  readers  will  imagine 
that  I  mean  to  exi)lain  the  liking  of  ilower-feeders  and 
fruit-eaters  for  bright  hues  bv  means  of  that  grand  but 
somewhat  vaguely  employed  shibboleth,  the  Association 
Theory.  I  know  that  to  the  uiass  of  loose  thinkers  associa- 
tion is  a  sort  of  psychological  dens  ex  DincJdnawhich  satisfac- 
torily accounts  for  every  ill-defined  mental  problem,  just  as 
electricity  is  a  sort  of  i)hysical  dncs  ex  machhia  which  simi- 
larly gets  over  every  ill-comprehended  material  problem. 
Such  persons  say  to  tliemselves  at  once,  "  Oli,  of  course, 
birds  and  butterflies  feed  off  bright-coloured  objects;  so 
bright  colours  get  associations  with  their  food,  and  are 
consequently  pleasant  to  them."  Having  tlius  satisfied 
their  nascent  critical  doubts  by  the  easy  ai)plication  of  an 
accepted  formula,  tliey  never  pause  to  translate  their  vague 
speculation  into  tl linkable  terms,  but  leave  it  as  they  took 
it  up,  a  mere  algcliraical  expression,  incapable  of  rational 
statement  in  a  concrete  form.  For  how  can  association 
with  food  make  a  colour  or  anything  else  pleasant  in  itself  ? 
Tliis  is  the  true  crux  of  the  Association  Theory,  a  crux 
which,  as  I  humbly  believe,  few  of  its  adherents  have  ever 
p(U'ceived  in  its  full  significance.  Until  it  has  been  solved, 
the  theory  remains  a  mere  verbal  explanation,  adding  no- 
thing to  our  real  knowledge  of  the  subject,  yet  deluding 
us  by  its  specious  resemblance  to  an  explanatory  truth. 

The  mode  of  exposition  liere  adopted  will  be  a  very 
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ilifTerciit  one,  based  upon  the  known  ])syclio-pliysical  law 
«if  pleasure  and  pain.  According;  to  that  law,  i)leasni('  is 
tii(>  psychical  aspect  of  an  nltiniaty  physiological  fact, 
which  in  its  physical  aspect  may  be  suninM^l  np  as  thu 
nninipedcd  activity  of  a  fully  nurtuitid  and  not  over- 
worked nervous  structure  in  unbroken  connection  with 
the  cerebro-spinal  or  other  central  sentient  system.  ( "in- 
versely, or  nearly  so,  ])ain  is  the  psychical  asjiect  of  an 
ultimate  physiological  fact,  which  in  its  physical  aspect 
may  be  summed  up  as  the  disintegration,  insufHcient  initri- 
tion,  or  excessive  activity  of  a  nervous  structure,  similarly 
('(iiniected  with  the  sentient  organism.^  With  the  latter 
half  of  this  important  law  we  have  here  little  or  nothing 
to  do;  but  the  former  half  so  intinuitely  concerns  our 
subject  that  I  shall  make  no  apology  for  endeavouring 
briefly  to  explain  its  meaning  in  simpler  language  than 
that  of  the  above  abstract  formula. 

A  pleasure,  then,  is  the  feeling  which  results  M-hen  any 
sentient  nervous  centre  receives  a  stimulation  not  exces- 
sive in  quantity,  nor  Ijeyond  the  existing  power  of  tho 
structures  concerned.  Every  centre  undergoes  at  each 
stimulation  a  certain  amount  of  disintegration  ;  and  if  that 
disintegration  pass  beyond  the  easy  repairing-point  of  the 
system,  pain  sets  in.  But,  on  the  other  hand,  su  long  as 
the  stimulation  is  moderate,  by  exercising  the  structures  it 
l»romotes  their  general  efficiency,  and  hence  it  is  accom- 
])anied  by  a  feeiing  of  pleasure.  Or  to  translate  our  law 
into  still  more  concrete  and  ordinary  language,  we  may 
say  that  whenever  an  organ  which  can  feel  at  all  is  exer- 
cised not  beyond  the  due  amount,  pleasi  re  is  the  result. 
Hence  the  plcasurableness  of  any  activity  may  be  ac- 
cepted as  a  rough  gauge  of  its  general  desirability  for  the 
organism    as  a  whole,  while  conversely  its   painfulness 

'  For  a  full  expliiniitioii  of  the  form  wards),  see  my    "  riiysiological  -Es- 

here  given  to  this  law  (origiiiiilly  line  thetics,"    chap,    ii.,    "  Pleasure   and 

to  Mr.  Herbert  Spencer  ai>d  Professor  I'ain,"  where  the  grounds  upon  whicli 

Uain,  working  on  the  basis  of  previ-  the  conclusion  is  based  have  been  de- 

OU8  inquirers,  from  Aristotle  down  tailed  at  length. 
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may  be  legarLleJ  as  a  certain  proof  of  its  general  undo- 
hirability. 

Now  the  more  fiilly-iiurtiiriMl  an  organ  may  lie,  tli(5 
higher  is  its  functional  el'ieieney,  and  the  greater  tiiu  plea- 
sure to  be  derived  from  its  exereise.  Wo  nil  know  tliat 
the  freslier  our  limbs,  our  muscles,  our  nerves,  and  our 
eyes,  tlie  greater  tbo  enjoyment  we  derive  from  a  country 
walk  or  a  game  of  cricket.  After  long  fasting  we  eat  our 
food  with  greater  ridish  ;  afier  long  conlinement  we  use  our 
le'4S  and  arms  witb  redoubled  delight.  Dut  we  also  know 
tliat  in  order  to  keep  up  a  state  of  high  eilieiency  in  any 
organ,  frequent  exercise  is  necessary.  Only  by  running, 
jumping,  rowing,  and  gymnastics  can  wo  bring  our  nuiscles 
into  a  proper  condition  for  hard  athletic  work.  Only  by 
constant  practice  can  we  retain  any  accomplishment  which 
we  have  learnt  by  dint  of  serious  effort.  And  just  the 
same  is  true  of  nerves.  Their  existing  structure  has  been 
acquired  by  continuous  function  in  past  generations,  and 
continuous  function  is  necessary  still  if  we  would  prevent 
them  from  rusting  into  obsolescence. 

Accordingly,  whenever  we  find  that  any  activity  is  pro- 
ductive of  immediate  pleasure  in  ouTselves,  we  maybe  sure 
that  the  activity  in  question  is  one  wliich  has  long  been 
practised  by  our  human  or  ante-liuman  ancestors.  Tiie 
greater  the  pleasure,  as  I  have  elsewliere  endeavoured  to 
show,  tlie  greater  the  intimacy  of  connection  between  tlie 
activity  and  the  life  of  the  species.  Let  us,  for  example, 
take  the  case  of  colour  itself,  with  wlkich  we  are  here  so 
fully  engaged.  If  in  any  species  the  need  for  distinguisli- 
ing  different  colours  ever  arose,  and  if  by  its  side  there  also 
arose  a  nascent  structure  for  so  distinguishing  them,  then 
those  individuals  in  wlii(!h  tliat  structure  was  most  fully 
develo})ed  would  survive  from  generation  to  generation,  in 
virtue  of  their  superior  adaptation  to  the  needs  of  their 
environment  above  their  less  highly  endowed  compeers. 
Jhit  with  each  such  increment  in  the  structure  there  would 
go  increased  pleasure  in  the  function.     Conversely,  tlie 
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iHorc  fully  till!  ftuK'tidii  was  iuihilucd  th(!  luon*  wouM  the 
.stnicttiri!  iiicruaso  aiid  stroiii^tlit'ii  by  cxcrciso.  So  fi'dni 
j^oncratifni  to  gcni'iiitidii,  as  the  ])()\vc'i'  of  (listiunuishin^' 
i'oloiirs  became  more  and  more  develoi)ed,  the  ]»leasiire 
arisint,'  from  their  )ier((»ptioii  would  },'row  more  and  moro 
sicuto.  Such  i)leasuie  forms  the  first  groundwork  for  that 
diflerentiid  preference  in  individuals  or  species  which  we 
know  as  tnstn. 

I'ut  (.'Very  colour  would  not  probnbly  prove  equally 
plensurable.  Some,  like  tlio  ordinary  .greys,  greens,  and 
l)rowns,  occur  too  often  in  the  surrounding  world  to  allow 
of  any  marked  gratification,  derivable  only  from  the  in- 
termittent stimulation  of  little-worked  nerves.  Moreover, 
these  common  colours  would  have  no  special  reference  to 
the  life  of  the  race,  and  so  would  have  few  structural  con- 
nections with  oth(U'  portions  of  the  central  nervous  system. 
l)Ut  in  the  (\ase  of  fruit-eating  aid  ilowor-feeding  s])ecies, 
we  may  well  suppose  that  the  special  nerves  devoted  to 
the  perception  of  red,  yellow,  orange,  and  purple  would 
naturally  l)e  much  strengthened  by  constant  hereditary 
use  ;  while  the  comparatively  intermittent  nature  of  tlx; 
stimulation  would  render  the  accom])nnying  feeling  far 
more  pleasurable  than  in  the  more  fannliar  instances  of 
green  or  l)rown.  Furthermore,  the  close  relation  of  these 
colours  with  the  food  of  the  species  would  doubtless  give 
rise  to  nunun'ous  nervous  connections  in  the  central  sys- 
tem, whereby  the  sight  of  such  coloured  objects  might  set 
up  the  necessary  movements  for  obtaining  the  booty.  In 
this  manner  the  central  organs  of  special  colour-percep- 
tion for  the  brilliant  hues  of  fruits  and  ilowers  would  in 
all  probability  assume  unusually  large  dimensions,  and 
would  certainly  possess  large  numbers  of  concurrent  fibres 
along  which  waves  of  discharge  might  readily  travel,  ihus 
giving  free  vent  for  a  considerable  volume  of  pleasure- 
yielding  energy.  Such  species  might  fairly  be  said  to 
possess  a  taste  for  red,  yellow,  and  other  like  pungent 
hues;  and  we  might  accordingly  give  a  rough  definition 
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f  taste  as  a  special  preference,  in  an  individual  or  a  raeo, 
for  one  or  inore  out  of  several  similar  objective  stimuli, 
depending  ultimately  \ipon  special  variations  of  nervous 
development. 

Of  course  this  liasty  definition  leaves  out  of  considera- 
tion the  other  half  of  the  subject,  which  we  might  perhaps 
sum  up  as  distaste, — the  I'pecial  repugnance  to  one  or 
more  among  such  stimuli,  ultimately  due  to  like  diversi- 
ties of  individual  or  generic  organisation.  In  this  case, 
however,  \\q  must  distinguisli  between  two  widely  dif- 
ferent forms  of  feeling,  which  are  apt  at  first  to  be  men- 
tally confused, — mere  neutral  indiflerence,  which  results 
from  a  stim\ilation  too  languid  or  too  common  to  produce 
pleasure,  and  positive  dislike  or  disgust,  whicli  arises 
from  some  actually  painful  and  disintegrative  action, 
Tluis,  in  sight,  an  ugly  colour,  like  that  of  mud,  is  simply 
neutral  and  unstimulating ;  but  in  taste,  a  bitter  or  acrid 
substance  probably  sets  up  material  disintegration,  and  so 
of  covt.^e  produces  i  positively  painful  sensation.  This 
distinction  will  become  more  obvious  and  more  important 
as  we  i^roceed. 

In  thi«  ,vay  only,  then,  as  it  seems  to  me,  can  associa- 
tion  have  anytliing  to  do  with  the  intrinsic  pleasurablo- 
ness  of  any  sensation,  namely,  by  affording  outlets  for 
tiie  overflowing  nervous  energy.  But  the  main  pleasure 
of  the  sensation  itself,  as  I  understand  the  question,  must 
be  due  to  inherited  calibre  of  the  nerves  and  nervous 
centres  employed,  that  calil)re  being  due  itself  to  ances- 
tial  functioi  throughout  many  previous  generations.  To 
l)Ut  once  more  the  concrete  case,  fruit-eaters  and  flower- 
feeders  derive  pleasure  from  brilliant  colours  (postulating 
the  fact  for  the  time  being,  artjumenti  gratia),  not  because 
thuse  colours  have  mental  associations  with  their  food, 
l)ut  because  the  structures  whicli  perceive  them  liave  been 
continually  exercised  and  strengtliened  by  hereditary  use. 
The  connection  witli  food  lias  given  nurtierous  outlets  for 
the  nervous  ener<4'v,  and  has  been  the  ultimate  cause  for 
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the  extra  development  of  colour-perceiving  structures, 
but  it  has  had  no  direct  effect,  as  L  believe,  upon  the 
immediate  pleasure  of  sensation. 

It  is  true  that  in  highly  evolved  animals,  with  whom 
the  emotions  have  attained  an  immense  and  preponderant 
influence,  associations  do  largely  enter  into  all  pleasur- 
able.  feelings.  But  even  here  tlie  ultimate  explanation 
is  equally  simple  and  straightforward.  These  emotions 
have  their  own  proper  nervous  seats,  as  Ferr'er's  experi- 
ments sufficiently  show ;  and  we  must  suppose  that  tlu; 
actual  sensation,  being  located  in  a  centre  M'hich  has  con- 
nections with  the  seats  of  such  emotions,  rouses  action  in 
the  emot'onal  centres,  mure  or  less  conspicuously,  and  so 
adds  a  more  or  less  distinct  factor  to  the  total  resultinu; 
consc.'ousness.  lUit  it  would  be  very  foolish  to  transfer 
simihu  ideas  into  the  simple  nervous  organisation  of 
birds,  and  still  more  into  that  of  bees  and  butterflies. 
Taste  in  these  animals  must  be  almost  entirely  a  matter 
of  direct  sensation,  dependent  upon  the  calibre  of  the 
nerves  employed,  and  little  influenced  by  the  few  possible 
associated  feelings.^ 

Having  premised  these  few  considerations  as  to  the 
nature  of  taste  in  general,  let  us  now  go  on  to  examine 
the  special  tastes  of  fruit-eating  and  flower-feeding  ani- 
mals. We  shall  find  on  investigation  that  these  appear  to 
be  approximately  identical  throughout  the  whole  animal 
series;  while  they  are  more  or  less  strongly  marked  off 
from  the  opposite  tastes  of  carnivores  and  carrion-eaters. 
The  very  same  sweet  and  sugary  substances,  the  very 
same  etherial  and  delicate  perfumes,  the  very  same  bright 

'  Lest  any  reader  should  imagine  that   I  l)egia  to  dissent ;  and  even 

that  I  mean  by  these  remarks  to  cast  hero   my   dissent,   as   will    be    seen 

some  doubt  upon  the  whole  body  of  from   the  above  paragraph,  extends 

Associatiouist  I'sychology,    I  hasten  oidy  to  the  very  simplest  elements  of 

to  achl,  parenthetically,  that  I  fully  fi'elin^'.      I    do    not   for   a.    moment 

accept  that  system  so  long  as  it  con-  (h)ubt  that  thu  a'sthetic  pleasures  of 

tines  itself  to  the   relation   between  cultivated  Aryan  man  depend  largely, 

the  senses  and  the  intellect.     It  is  or  even  mainly,  upon  a^socii. ted  emo- 

only  when  it  is  brought  forward  as  a  tion. 
verbal  explanation  of  cniotionul  facts 
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jind  dainty  colours,  seem  pleasing  in  the  very  same  way  to 
liutterflies,  and  Ininnning-birds,  and  parrot?,  and  apes,  and 
men.  The  similarity  of  nervous  impressibility  which  we 
thus  perceive  to  hold  throughout  the  whole  heterogene- 
ous collection  of  fruit  and  flower  haunters  casts  much  li-jht 
upon  the  nature  of  sexual  selection,  and  upon  the  identity 
of  taste  between  man  and  so  many  lower  animals.  It 
enables  us  to  see  why  the  flowers  wliicli  the  bee  de- 
veloped for  his  own  deliglit  nnd  guidance  should  be  th(! 
joy  of  children  and  the  envy  of  artists ;  why  the  hues  of 
the  orange  and  the  mango  should  be  as  beautiful  to  man 
as  to  the  toucans  and  macaws  which  gave  them  origin ; 
why  the  wing  of  the  butterily,  the  tail  of  the  peacock, 
and  the  burnished  throat  of  the  sun-bird  should  be  exTpii- 
site  to  our  eyes  as  they  were  to  those  of  their  fastidious 
mates ;  and  why  human  beings  should  dye  their  bodies 
with  the  woad  of  Britain  and  the  ochre  of  Papua,  or  ting(; 
their  garments  with  the  purple  of  lyre  and  the  thou- 
sand hues  of  Lvon,  to  vie  with  the  gorgeous  tints  of  bird 
and  insect  in  the  very  self-same  profusion  of  refulgent 
colours. 

First,  then,  let  'is  begin  with  the  sense  of  taste.  It  is 
a  most  noteworthy  fact  that  wherever  any  part  of  a  plant 
can  gain  any  advantage  by  attracting  the  notice  of 
animals,  it  always  effects  its  purpose  by  the  secretion  of 
sugar,  or,  as  we  oftener  though  more  incorrectly  call  it  in 
this  connection,  honey.  Now  sugar,  as  I  have  already 
pointed  out,  has  a  special  power  of  acting  upon  the 
gustatory  nerves  of  animals,  tlivougli  the  great  solubility, 
diffusibility,  and  crysialline  texture  of  its  particles.  Ac- 
cordingly, we  find  that  almost  all  classes  of  fruit-eaters 
and  flower- feeders  show  a  decided  partiality  for  this 
pleasant  stimulant — a  partiality  ([\\<i,  doubtless,  to  the 
long  habits  of  their  ancestors,  which  have  developed  cor- 
respondingly differentiated  structures  for  the  perception 
of  the  particular  body  in  question.  In  flowers,  sugar  is 
secreted  to  attract  bees  and  other  insects;  while  in  fruits, 
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it  acts  as  an  allurement  to  birds  and  mammals.  Furtliei- 
more,  certain  plants  possess  organs  for  the  secretion  of 
sugar  on  their  stems  or  at  the  base  of  their  leaf-stalks,  of 
which  Sir  John  Lubbock  gives  the  following  account : — 
''  Belt  and  Delpino  liave,  I  think,  suggested  the  true  func- 
tion of  these  extra-floral  nectaries.  The  former  of  these 
excellent  observers  describes  a  South  American  species 
of  Acacia,  which,  if  unprotected,  is  apt  to  be  stripped  of 
its  leaves  by  a  leaf-cutting  ant,  M'hich  uses  the  leaves  not 
directly  for  food,  but,  according  to  Mr.  Belt,  to  grow 
mushrooms  on.  The  Acacia,  hoAvever,  bears  hollo\v 
thorns,  and  each  leaflet  produces  honey  in  a  centre-formed 
gland  at  the  base,  and  a  small  sweet  pear-shaped  body  at 
the  tip.  In  consequence,  it  is  inhabited  by  myriads  of  a 
small  ant  which  nests  in  the  hollow  thorns,  and  thus  finds 
meat,  drink,  and  lodging  all  provided  for  it.  These  ants 
are  continually  roaming  over  the  plant,  and  constitute  a 
most  efficient  bodyguard,  not  only  driving  off  the  leaf- 
cutting  ants,  but  even,  in  Mr.  Belt's  opinion,  rendering 
Ihe  leaves  less  liable  to  be  eaten  by  herbivorous 
mammalia."^  Indeed,  so  universal  is  the  taste  .'or  sugar 
among  insects,  that  certain  small  animal  creatures,  like 
the  Aphides  and  Cocci,  have  themselves  acquired  the 
habit  of  developing  nectaries,  and  so  gaining  the  protection 
of  ants,  which  nuay  be  seen  "  assiduously  running  up  the 
stems  of  plants  to  milk  these  curious  little  cattle."  And 
if  we  want  further  proof  of  the  general  love  for  SM'eet  food- 
stuffs, we  need  only  bethink  us  how  the  insects  flock  about, 
a  barrel  of  treacle  in  our  streets,  how  the  birds  congregate; 
in  fruit-gardens,  and  how  our  own  children  gather  around 
the  windows  of  the  confectioner's  shop  to  stare  at  the 
tempting  wares  within — rendered  all  the  more  enticing, 
be  it  observed,  through  the  very  same  addition  of  red,  l)lue, 
and  yellow,  which  had  already  been  invented  by  the  fruit 
and  the  flower. 
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On  Ceitnin  Reliitioiis  between  I'lants  ami  Insects,"  a  lecture  ileliveietl 


at  Glasgow,  Janu;uy  24,  1878,  p.  6. 
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K(£ually  significant  are  the  changes  in  habit  or  mode  of 
life  between  fruit-eating  and  flower-feeding  classes.  Thus, 
a  large  number  of  hymenopterous  insects  live  upon  honey 
extracted  from  liowers ;  but  tlie  omnivorous  wasps,  as  we 
all  know,  have  taken  to  surreptitious  feasting  upon  the 
sugary  juices  of  peaches,  pears,  and  nectarines.  In  like 
manner,  I  have  often  noted  lepidopterous  species,  whose 
natural  food  consists  of  the  nectar  in  summer  blossom'?, 
feeding  greedily  upon  fallen  fruit.  Mr.  AV".  M.  Gabb 
captured  the  lovely  Morphos  of  Nicaragua  by  baiting  witli 
a  piece  of  over-ripe  banana ;  ^  and  the  Eev.  J.  G.  Wood,  a 
most  trustworthy  recorder  in  all  that  concerns  the  habits 
of  animals,  notices  on  one  occasion  having  seen  whole 
hordes  of  the  Eed  Adniiral  butterfly  (Vanessa  atalanta) 
darkening  the  ground  where  a  number  of  egg-plums  lay 
beneath  their  parent  tree.^  So,  too,  amongst  birds ;  while 
most  of  them  take  their  sugary  food  in  the  form  of  fruit 
or  seeds,  a  few  kinds,  like  humming-birds  and  sun-birds, 
live  largely  off  the  nectar  of  flowers,  mixed  with  the  insects 
which  frequent  them."  jNIr.  Webber,  an  American  natura- 
list, tried  the  experiment  of  taming  the  pretty  little 
ruby-tliroats,  which  lie  fed  on  syrup  alone,  and  thougli 
he  found  that  they  could  not  thrive  witliout  a  fair  pro- 
portion of  insects  as  well,  he  also  discovered  tliat  they 
showed  a  decided  partiality  for  the  taste  of  sugar. 
"  Some  which  had  been  thus  tamed  and  set  free  returned 
the  following  year,  and  at  once  flew  straiglit  to  tlie  re- 
membered little  cup  of  sweets."  *  In  certain  instances,  we 
iind  the  interchange  of  habit  taking  place  within  the 
limits  of  a  single  tribe.  Thus,  the  true  parrots  live  al- 
most entirely  off  sweet  fruits,  but  their  congeners  the  lories 
are  nectar-eaters.  Tliese  facts,  once  more,  we  may  cor- 
relate with  well-known  human  habits ;  as  when  we  see 
children,  M'hose  taste  for  sweets  is  derived  from  fruui- 


"  Nature,"  February  7,  1878.  see  Wallace,  "  Tropical  Xature,"  p. 

-  "  Insects  at  Home,"  p.  401.  235. 

"^  On  the   food  of   huniiniiig  biiils,        ■*  Ibid.,  i>.    137. 
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vorous  ancestors,  sucking  the  juices  of  honeysuckle  and 
clover,  or  stealing  the  honey-bag  from  our  domesticated 
hive-bees.  Indeed,  we  could  iiave  no  more  significant 
symbol  of  the  community  of  nature  here  pointed  out 
than  the  fact  that  we  keep  these  same  bees  to  gather 
honey  for  us  from  the  nectaries  of  flowers. 

Conversely,  whatever  parts  of  a  plant  would  be  injured 
by  the  interference  of  animals,  secrete  a  bitter  or  acrid 
juice,  which  acts  deleteriously  upon  tlie  nerves  of  taste. 
Thus,  as  I  have  already  pointed  out,  tlie  pericarj),  which 
in  fruits-proper  is  provided  with  sugary  secretions,  in 
nuts  is  commonly  stored  Mith  a  nauseous  principle  as  a 
deterrent  to  animal  foes.  Au,ain,  those  fruits  which  have 
a  sweet  pulp  generally  guard  against  the  loss  of  their 
actual  seeds  bv  fdling  them  with  a  bitter  substance,  of 

I/O  ' 

which  prussic  acid  often  forms  a  leading  constituent : 
cases  occur  in  the  peach-stone,  the  apple-pip,  and  the 
seeds  of  oranges  or  mangoes.  That  anin)als  as  a  rile  dis- 
like bitter  substances  is  a  matter  of  common  observation  ; 
and  experiments  which  I  have  conducted  on  a  small 
number  of  insects  and  birds  have  always  resulted  in 
marks  either  of  indifference  or  of  positive  distaste.  Thus 
we  sec  that  both  in  their  likes  and  dislikes  a  great  com- 
munity of  taste  runs  through  all  the  flower-feeding  and 
fruit-eatintf  animals. 

If,  now,  we  turn  to  the  carnivores  and  carrion-feeders, 
we  shall  find  a  totally  different  set  of  sympathies  anil 
antipathies.  It  is  true  that  many  dogs  and  llesli-eating 
Hies  love  sugar;  but  they  also  love  numerous  other  bodies 
which  several  of  the  former  class  of  creatures  would  never 
touch.  Fresh  meat,  or  still  worse,  putrid  flesh,  does  not 
appeal  at  all  to  the  senses  of  bees  and  parrots.  j\Ian,  of 
course,  forms  an  internuidiate  link,  a  iVugivorous  animal 
who  has  partially  adopted  carnivorou,"  tastes.  Hence  we 
have  a  certain  liking  for  the  flavour  of  roast  beef  and 
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})Osition.  ]jut  tliesc  are  mere  surface-tastes,  Mliile  tlie 
deeper-seated  ancestral  habits  come  out  strongly  in  our 
cliildren  and  our  unsophisticated  adults.  The  liking  for 
strong-tasted  meats  and  half-putiid  preparations  has  to 
he  slowly  acquired ;  M'hereas  the  love  for  sugar,  for  lion(n', 
for  fruits,  for  all  sweet  things,  is  born  with  us  into  the 
world,  and  taken  in  with  our  first  draught  of  mother's 
milk.  And  in  this  connection  it  is  wortli  while  to  note 
that  tlic  natural  food  of  the  human  infant  contains  62.3 
parts  of  sugar  in  1000,  wliile  that  of  a  herbivorous  calf 
possesses  only  45.6,^  so  that  it  becomes  necessary  in 
giving  cow's  milk  to  babies  to  sweeten  it  considerably  up 
to  the  proper  point. 

Secondly,  let  us  look  at  the  sense  of  smell.  Here  again 
we  notice  that  wherever  any  part  of  a  plant  wishes  to 
attract  animals,  it  adds  to  its  sweetness  the  extra  allure- 
ment of  perfume ;  and  the  same  perfumes  are,  as  a  rule, 
])leasant  to  all  flower-feeders  and  fruit-eaters  alike.  The 
delicate  odour  of  a  peach,  a  pine-apple,  or  a  strawberry 
scarcely  differs  in  kind  from  that  of  a  lily,  a  hyacinth,  or 
a  violet.  Mankind,  whose  tastes  in  this  matter  are  de- 
rived from  the  tropical  fruits,  have  equal  pleasure  with 
bees  or  butterflies  in  the  dainty  scent  of  clover  and 
meadow-sweet.  Only,  as  might  naturally  be  expected, 
the  perfumes  of  fruits  (which  we  have  already  seen  reason 
to  believe  are  comparatively  modern  structures)  are  not 
so  highly  developed  as  the  perfumes  of  flowers ;  whence 
arises  the  seeming  anomaly  that  our  olfactory  nerves  are 
more  pleasurably  stinnilated  by  the  stephanotis  or  the 
jasmine,  which  is  relatively  remote  from  our  practical 
life,  than  by  the  apple  or  the  pear,  which  is  relatively 
essential.  Of  course,  the  explanation  here  is  that  the 
more  powerful  stimulant  naturally  affords  the  greater 
volume  of  pleasure,  irrespective  of  its  ulterior  useful- 
ness. 

In   this  case,   too,   we   see    the    essential    agreement 

^  Heimann,  Iluman  Physiology,  Eliiglish  tiiinsliiiiou,  p.  121. 
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between  the  liigher  and  tlie  lower  forms  of  vegetal- 
feeders.  For  just  as  our  taste  for  sweets  corresponds  to 
the  insect's  taste  for  honey,  so  our  love  for  the  perfume  of 
flowers  is  absolutely  identical  with  the  pleasure  which 
(h'aws  the  bntterlly  towards  tlie  luscious  blossoms  in  our 
English  meadows.  And  it  is  wortli  while  to  observe  that 
luost  of  the  sweet-smelling  Howers  appear  to  be  qnite  late 
developments  of  vegetal  life;  a  fact  which  harmonises 
well  with  the  correspondingly  late  development  of  the 
bees  and  other  highly-adapLeil  lioney-snckers.  There  is 
no  tribe  of  plants,  for  example,  more  noticeable  for  their 
jjcrfume  than  the  family  of  Labiates,  which  includes  the 
varions  species  of  mint,  thyme,  balm,  sage,  marjoram, 
lavender,  rosemary,  horehound,  calamint,  patchouli,  hyssop, 
and  basil.  Tlie  Howers  of  these  plants  are  almost  all 
very  peculiarly  shaped  and  highly  scented,  and  their 
attractiveness  for  bees  has  become  proverbial — the  honey 
of  poetry  is  commonly  "  redolent  of  thyme."  Now  the 
Labiates,  so  far  as  known,  are  tertiary  plants  of  rather 
late  date,  which  did  not  make  their  appearance  on  the 
earth  until  bees  and  other  specialised  honey-seekers  had 
reached  a  high  point  of  evolution.  Nor  should  we  omit 
to  notice  the  fact  that  many  of  these  plants  are  now  cul- 
tivated by  man  for  the  sake  of  this  very  property ; 
lavender  to  dry  and  use  for  scent,  patchouli  to  extract  an 
essence  for  the  handkerchief,  and  mint,  tliyme,  or  sage 
to  flavour  various  preparations  for  the  table.  Tlie  exactly 
similar  cases  of  nutmeg,  cloves,  and  other  spices,  whose 
perfume  is  famous  for  its  diffusibility,  while  the  mode  of 
their  dispersion  by  nutmeg-pigeons  has  become  classical 
in  the  pages  of  Darwin  and  Wallace,  do  not  need  further 
comment. 

In  some  few  instances  the  pleasure  of  perfume  has  been 
turned  into  a  sexual  allurement,  as  with  certain  butter- 
llios,  where  the  two  sexes  exhibit  a  dilTerent  arrangement 
in  the  nervures  of  the  wings.  "  In  all  cases  which  I 
know,"  says  Fritz  Midler,  '•  this  difference  in  neuration  is 
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ooiiiiccted  with,  and  probably  caused  by,  tlic  development 
in  the  males  of  spots  of  ])eculiaily  formed  scales,  pencils, 
or  other  contrivances,  which  exhale  odours  agreeable  no 
doubt  to  their  females.  This  is  the  case  in  the  genera. 
Mccitanilis,  Dirccnna,  in  some  species  of  jyircla,  &c."i 
Similar  instances  occur  in  the  nuisk-deer  and  other  mam- 
mals, M'hose  perfumes  are  used  by  human  beings  as 
] Measurable  siiniuLints.  Indeed,  I  do  not  think  it  wouhl 
be  too  much  to  say  that  almost  every  sul)str.nce  which  we 
employ  as  a  native  scent  is  deiived  either  from  a  vegetal 
product  whose  r.atural  function  is  the  attraction  of  ani- 
mals, or  from  an  animal  ]»roduct  whose  natural  function 
is  the  attraction  of  the  opposite  sex. 

On  the  other  hand,  we  find  amongst  the  carnivores  and 
carrion-feeders  a  totally  dill'erent  form  of  olfactory  plea- 
sure, l^ogs,  wolves,  "ud  other  predatoi'y  mammals,  track 
their  prey  by  scent,  while  the  smell  of  raw  meat  renders 
the  larger  I'ats  wild  with  excitement.  Vultures  and  sopi- 
lotes  revel  in  the  hideous  smell  of  putrid  animal  matter, 
and  tiies  collect  around  dung  or  decaying  m(!at.  Curi- 
ously enough,  too,  some  plants  have  availed  themselves 
of  this  special  taste,  and  have  laid  themselves  out,  as 
already  noticed,  to  deceive  carrion  insects  by  their  like- 
ness in  appearance  and  smell  to  putrescent  llesli.  The 
Sumatran  Iitijksia  and  the  South  African  Htjchiora  have 
lar<4e  and  lurid  blossoms,  which  thus  cunniii'dv  induce 
Hies  to  visit  them  for  the  purpose  of  laying  their  eggs,  and 
are  accordin'j,lv  fertilised  by  mean^J  of  an  ornanised  de- 
ception.  To  naturally  frugivorous  man,  the  scent  is,  of 
course,  simply  disgusting.  Yet  it  is  worth  notice  Liiat  many 
savages,  who  have  acquired  for  geuerations  the  habit  of 
eating  half-decomposed  meat,  positively  enjoy  those  odours 
which  are  most  distasteful  to  th(>  nostrils  of  civilised  huma- 
nity. As  Kolben  quaintly  plirases  it,  in  ids  old-faslaoned 
style,  "  Wliat  you  take  for  a  stiidv,  a  Hottentot,  if  you 

^  In  "Mature,"  November  29.  1877. 
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y\\\\  believe  liim,  receives  as  tlie  most  agreeable  per- 
fume." 1 

Hence  one  may  sec  how  futile  is  the  argument  of 
(Jeiger,  who  remarks,  as  illustrating  the  sensuous  in- 
feriority of  the  lower  animals,  that  it  would  be  useless  to 
oiler  a  dog  a  bouquet  to  snift"  at.^  Of  course  the  dog  has 
no  reason  for  being  pleased  with  a  perfume  which  has 
no  special  relation  to  himself  or  his  ancestors  in  any  way  ; 
but  if  we  ofl'er  him  a  piece  of  meat,  or  set  him  to  hunt 
down  game,  we  shall  find  liow  koonly  \w.  has  been  pro- 
vided bv  nature  "with  senses  to  aid  him  in  his  own  mode 
of  life.  In  fact,  we  can  only  expect  pleasure  to  be  felt 
where  ancestral  habit  has  produced  a  corresponding 
sensory  system.  The  transference  of  feeling  wherel)y  wo 
are  enabled  to  enjoy  the  perfume  of  flowers  does  not  con- 
tradict this  general  principle,  for  it  is  really  analogous  to 
the  transference  whereby  the  humming-bird  sipped  the 
syrup  which  resembled  the  native  nectar,  or  whereby  we 
ourselv^es  enjoy  sweetmeats  and  cakes  through  our  here- 
ditary liking  for  fruits  and  berries.  Hon(\y  is  a  more 
concentrated  form  of  sugar  than  that  which  we  get  in 
strawberries  or  oranges,  and  frangipanni  is  a  more  cou- 
centrated  form  of  perfume  than  that  which  we  get  in 
])eachos  and  })ine-apples;  but  they  probably  act  in  just 
the  same  way,  though  to  a  greater  extent,  upon  the  nerves 
involved  as  do  the  original  stimulants,  and  consequently 
they  need  no  special  explanation.  Very  different,  how- 
ever, would  be  the  case  if  a  dog  or  anv  other  animal  werc^ 
to  feel  pleasure  in  a  stimulation  derived  from  some  object 
which  had  no  kind  of  relation  to  his  ancestral  habits. 
Such  an  instance,  one  might  venture  to  say,  would  b(^ 
wholly  inex])lic;ible,  and  opposed  to  all  the  known  prin- 
ciples of  scientific  psychology. 

The  sense  of  hearimj,  though  interesting  in  '*^self  through 


1  Kolhen,  "Oaiic  of  <!oo(l  Hope," 
vol.  i.  p.  231. 


-  "Zur      Kiitwickelungsgitoliii;lite 
(lor  31ciisclilicit,  iii.  p.  56. 
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its  connection  with  sonL?-l)ii'(ls  and  the  scxu.'il  alliironieiits 
of  sound  amoM^'st  sundry  inst'cts,  has  so  Httlo  rchitiou 
with  our  present  subject,  that  1  must  rehictantly  puss  it 
(jver  here. 

Lastly,  tlien,  wo  airivc  at  the  sense  of  sigld,  which  we 
must  only  examine  with  special  reference  to  the  taste  for 
colour.  And  here,  as  before,  we  note  at  once  that  those 
portions  of  jdants  which  lay  theniselv(!S  out  to  attract 
animals  are  almost  without  e\ce[)tion  conspicuous  for 
iheir  bright  colours.  Entomojthilous  llowers,  as  wo  have 
already  abundantly  oliser\ed,  luivo  a  monopoly  of  brilliant 
corollas,  while  fruits  -  proper  dilier  from  nuts  in  tlie 
startling  vividness  of  their  hues.  These  facts  would  go  by 
themselves  to  prove  that  flower-feeding  and  fruit-eating 
animals  find  an  allurement  in  colour.  It  is  certainly 
a  noticeable  fact  that  just  as  the  sweetness  of  fruits 
answers  to  the  sweetness  of  honey,  and  just  as  the  scent 
of  fruits  answers  to  tlie  scent  of  flowers,  so  do  the  colours 
of  fruits  answer  exactly  to  the  colour.'.!  of  ilowers.  It  would 
seem  as  though,  in  every  case,  nature  found  a  single  mode 
of  modifying  the  nervous  substance  was  amply  sullicient 
(because  simplest  and  easiest)  alike  for  insect  ana  reptih-, 
for  bird  and  ape  and  human  being. 

Some  special  facts  help  to  point  in  the  same  direction. 
Thus  we  find  within  the  limits  of  a  single  familv,  the 
Iiosacea),  a  L.ge  number  of  fruits-proper,  the  ]ilum,  the 
api)le,  the  hip,  the  haw,  tlie  striiwberry,  the  ras[)berry,  and 
the  bramble,  in  which  the  pericarp  or  other  succulent 
])ortion,  besides  being  sweet  and  scented,  is  more  or  less 
brilliantly  colo'.iied;  and  again,  we  also  find  an  aberrant 
member,  the  almond,  whose  seed  is  enclosed  in  a  nut,  and 
whose  pericarp  accordingly  is  hard,  dry,  and  green  or 
brownish,  after  the  usual  fashion  of  nuts.  Or  once  more, 
we  know  tliatin  most  Oceanic  islands  there  are  few  flying 
insects,  and  that  most  of  the  flowers  are  destitute  of  bright 
corollas ;  but  Mr.  Wallace  has  pointed  out  that  in  a  few, 
cases,  where  honey -sucking  birds  frequent  such  islands 
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tlio  flowers  arc  cxtreiiu^ly  liiri,'P  and  haiidsoiiio.'  This  fuel 
clearly  sIkans  tliat  the  birds  in  (|UcsLi()ii  liiid  coluur  ([uile 
a.s  atlracLivu  as  do  bees  or  butlerllies. 

I  do  nut  projioseto  enter  very  fully  into  this  ([uestion 
until  \V(!  liave  seen  what  liM,ht  may  \nt  cast  u])un  it  by  the 
t'xanipU'S  collected  and  the  ini'erenct;s  drawn  in  tin-  suc- 
ceeding; cha{>ter.  Hut  I  should  like  to  point  mit  heic 
that  if  our  j^eneral  theory  of  jdeasure  bo  well-foundeil, 
it  must  lu'cessarily  result  that  llowi^r-feedin^'  and  fruit - 
eatinj>"  animals  should  derive  aLfreuable  sensations  from 
coloured  ol)jects.  So  soon  as  the  eyes  of  inscicls  or  birds 
Jiave  beconu!  suflieiiiutly  dirferentiated  to  discrinunate  the 
])inkisli  or  ruddy  ilower-cascs  and  fruit-vessids  from  the 
j^reen  leaves  around  them,  and  to  employ  tlieir  nascent 
sense  in  the  quest  for  food,  so  soon  must  the  special 
nerves  exercised  and  strengthened  in  this  process  receive 
some  faint  pleasure  from  their  due  stimulation.  And 
the  more  developed  the  nerves  become,  the  more  intense 
must  be  the  resulting  enjoynuuit,  till  at  last  an  ever-in- 
creasing gratificati(ju  would  grow  up  side  by  side  with  the 
growth  of  entomo{)hilous  blossoms  and  coloured  fruit,  be- 
coming strcmger  and  stronger  day  by  day  as  the  structures 
increased  by  practice  in  calibre  and  power. 

Two  short  passages  from  tiic  works  of  two  leading 
evolutionists  will  serve  to  bring  out  in  strong  relief  the 
])osition  here  assumed.  Mr.  A.  E.  Wallace  thus  sums  up 
his  view  with  regard  to  the  imture  of  colour-perce})tion 
in  the  lower  animals: — ''The  fact  that  the  higher  verte- 
brates, and  even  some  insects,  distinguish  Mdiat  are  to 
us  diversities  of  colour,  by  no  means  proves  that  their 
sens((tio7is  of  colour  bear  any  resemblance  whatever  to 
ours.  An  insect's  capacity  to  distinguish  red  from  blue 
or  yellow  may  be  (and  probably  is)  due  to  perceptions  of 
a  totally  distinct  nature,  and  quite  unaccompanied  by  any 
i)f  that  sense  of  enjoyment  or  even  of  radical  distinctiu'ss 
which  pure  colours  excite  in  us.     Mammalia  and  birds, 

'  Tiojiical  Nature,  p.  238. 
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wliose  struclure  jind  emotions  are  so  similar  to  our  own, 
do  pro])ably  rccoivo  somowliat  .similar  imi)rf,'s.sioii.s  of 
colour;  bat  W(!  liavf  110  evidence  to  show  that  tliov  (f.\- 
])orieiici!  ])lGasurab]c  emotions  from  colour  itself,  ^vllen 
not  associated  with  the  satisfaction  of  their  wants  or  the 
jjratification  of  their  jtassions."  ^  From  the  whole  of  this 
jiassa^e,  "with  all  due  deference  to  Mr.  "Wallace  (for  most 
of  whose  work  I  entertain  the  deejiest  rcispect),  I  must 
take  leave  to  din'er  fo/o  nrlo.  Kach  of  its  three  sentences 
appears  to  me  to  contain  a  fallacious  i)osition.  For  the 
first,  the  burden  of  proof  lies  distinctly  with  Mr.  Wallace, 
not  with  his  opponents;  because,  where  the  external 
stimulus  is  the  same,  and  where  a  i^eneral  continuity  of 
structure  exists,  we  are  not  justified  in  assuming  a  dif- 
ference of  sensatiof..  without  some  special  reason ;  nor  do 
I  believe  that  so  clear  a  thinker  as  the  author  of  the 
"Malay  Archipelago"  would  have  assumed  such  a  diller- 
ence,  were  it  not  for  that  piedisjjosition  to  find  some 
effective  distinction  between  man  and  the  lower  animals 
•which  has  so  often  led  him  into  questionable  conclusions. 
Yor  the  second,  it  seems  to  me  that,  since  the  insect's  netnl 
for  discriminating  coloui'  is  far  greater  than  our  own, 
analogy  would  lead  us  to  suppose  that  his  enjoynumt 
would  be  even  dee])t'r,  and  his  sense  of  distinctness  more 
marked,  than  in  the  human  subject.  For  the  third,  tin; 
single  instance  of  the  oft-(pK)ted  bower-birds,  who  collect 
('(doured  objects  to  decoiate  their  meeting  [daces,  shows 
that  some  vertebrates  at  least  possess  a  liking  fo"*  brilliant 
lines  in  themselves,  of  a  truly  iicstlietie  sort:  a..d  the  be- 
haviour of  monkeys  \\ith  regard  to  flowers  and  birds,  or 
to  red  shawls  and  other  strikingly-dyed  articles,  would 
seem  to  point  in  the  same  direction.  For  the  rest,  Mr. 
Darwin  has  gathered  together  a  few  isolated  instances  of 
disinterested  love  for  colour  in  a,  well-known  section  of 
his  "  Descent  of  Man."  -  It  is  true  that  the  evidence  on 
this  head  is  still  far  from  satisfactory:  but  it   must   bo 

^  Troiiiciil  Niitiiip,  p.  243.  *  Vol.  ii.  !>■  no. 
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rcincnilHrctl  tliat  willioiit  the  assistance  of  lanjjua;.'),'  dc- 
linitc  iiifoniiatiim  as  to  tastes  cannot  lie  jiroeunHl  e.\c('|iL 
with  <;r('at  diniculty,  and  that  hnrnan  infants  only  di><- 
|ilay  the  h)ve  foi-  cohjur  in  tlic  same  simitle  w.iys  as  nmn- 
keys  or  howifr-liiids. 

The  second  ])assa^(!  lo  whicli  1  would  refer  is  one  from 
our 'treat  naturalist  himsidf.  "  J  low  the  sense  of  beaut  v  in 
its  simplest  form,"  says  ^Ir.  Darwin, — "  that  is,  the  recep- 
tion of  a  peculiar  kind  of  jdoasuic  fiom  certain  colours, 
fornis,  and  sounds, — was  iirst  developed  in  the  mind  of 
man  and  of  the  lower  animals,  is  a  very  ohscure  subject. 
The  same  sort  of  dilliculty  is  presented  if  we  in<[uire  how 
it  is  that  certain  ilavouis  and  odours  ^dvo  pleasure,  and 
others  displeasure.  Habit  in  all  these  eases  appears  to 
liave  come  to  a  certain  extent  into  i>lay;  but  there  must 
be  some  fundamental  cause  in  the  constitution  of  the  ner- 
vous system  in  each  sjiecies."^  Now  this  fundamental 
cause  I  believe  to  reside  in  the  general  law  that  pleasure 
accom])anies  normal  stiumlation  when  not  excessive  in 
amount;  while  the  influence  of  aiuxfstral  habit,  joined 
with  natural  selection,  has  so  nuidilied  the  nervous  system 
in  each  case  that  it  finds  itself  normally  stinudated  by 
those  external  a^^ents  which  conduce  to  the  general  wel- 
fare  of  the  organism,  and  excessively  or  destructively 
stimulated  by  those  which  conduce  to  its  general  detri- 
ment.- Accordingly,  I  infer  that  in  all  fruit-eating  and 
llower-feeding  speci(.'S,  a  taste  for  sweet  Havours,  delicate 
jierfumes,  and  bright  colours  will  have  been  slowly  deve- 
loped by  the  herctlitary  mode  of  life;  and  that  the  tasl(> 
so  developed  will  have  opportunities  for  exerting  itself  in 
the  sexual  selection  o^  bright-coloured  mates. 

if  this  be  so,  then  it  must  follow  that  llower-feeiling 
and  fruit-eating  insects  or  verttibrates  will  be  specially 
distin<iuisheil  from  other  animals  bv  the  exceiitional  bril- 
liancy  of  their  colouration.     In  the  next  chapter  we  will 

'  Origin  of  bcvv;'<!s,  6th  edit. ,]).  162.     i\c\'"  passim,  wlipre  tliis  ni:iiii  i)iiii- 
2  See  my    "  IMiysiologiciil    ^stbe-     cijile  is  woikeil  out  in  detnil. 
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.submit  our  seiieral  coiicliisiou  to  the  test  thus  suKTCsted  to 
US,  and  if  we  lind  that  bright  hues  are,  as  a  matter  of  fact, 
unusually  common  amongst  those  species  in  which  we  have 
inferred  a  2)i'iorl  tliat  a  taste  for  brilliancy  would  have 
been  evolved  by  the  circumstances  of  their  life,  then  we 
shall  have  added  another  item  i')  our  cunmlative  proof 
of  the  existence  and  influence  of  i>  colour-sense  among 
the  lower  animals.  Just  as  we  saw  that  the  taste  for 
sweets,  formed  upon  flowers  and  fruits,  could  be  trans- 
ferred to  syrup,  sugar,  honey,  bonbons,  cakes,  and  pud- 
dings; just  as  we  saw  that  the  human  liking  for  dainty 
])erfujiies,  formed  upon  strawberries  and  oranges,  could  be 
transferred  to  hyacinths  and  heliotropes  :  so,  I  believe, 
tbe  love  for  colour,  formeil  upon  the  natural  food  of  the 
various  species,  cai\  be  transferred  to  the  choice  of  beauti- 
ful mates,  and,  streagthened  by  this  transference,  can  be 
handed  down  by  heredity  to  mankind  till  it  results  at  last 
in  the  disinterested  deliuht  in  the  sunset  and  the  autumn 
luu's,  in  the  flowers  of  our  gardens,  the  varying  tints  of 
our  landscapes,  and  the  exc^uisite  harmony  of  our  Guidos 
and  our  liossettis.  Let  us  see,  then,  how  far  the  facts  of 
nature  will  bear  out  the  theory  on  this  subject  which  wo 
have  framed  from  the  analogy  of  our  ether  senses. 
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THE  DIRECT   REACTION  OF   THE   COLOUR-SENSE    UPON 
THE   ANIMAL   INTEGUMENTS. 

I F  any  unscientific  person  were  asked  to  name  tlie  two  most 
])eautiful  classes  of  animals  in  the  world,  lie  would  unhe- 
sitatingly answer,  "  ]Uitterflies  and  humming-hirds."  It; 
is  a  significant  fact  that  tliese  are  perhaps  the  most  exclu- 
sively flowjr-haunting  of  all  invertebrate  or  vertebrate 
creatures  respectively.  And  if  he  were  asked  to  name  any 
other  birds,  l)esldes  the  single  family  above  mentioned, 
which  are  specially  conspicuous  for  their  brilliant  coloui-- 
ation,  he  would  probably  reply,  "  I'arrots  and  their  allies." 
It  is  an  equally  significant  fact  that  these  birds  are  fruit- 
caters.  Following  up  the  hint  thus  given  us,  we  may  run 
through  the  chief  instances  of  brilliant  s])eeies  in  both 
great  divisions  of  articulates  and  vertebrates,  in  order  to 
discover  whether  there  is  any  constancy  of  connection 
between  the  nature  of  the  food  and  the  colouration. 

As  before,  we  may  narrow  down  our  consideration  of  tlu; 
articulates  to  tlie  great  group  of  insects,  because  we  know 
too  little  about  the  habits  of  their  marine  congeners  to 
argue  with  any  certainty  as  to  their  traits  ;  while  the  otlier 
land-articulates  are  lelatively  unimportant  for  our  present 
■j)urpose.  Now  amon-jst  the  insects,  the  most  brilliant 
(irder  are  the  Tie])ido])tera,  including  both  the  butterfiies 
and  moths,  which,  it  need  hardly  be  said,  feed  upon  flowers. 
Of  course,  it  may  be  readily  oltjected  that  the  amount  of 
food  eaten  liy  tlie  ])erfe('t  winged  insects  is  relatively  small, 

and  that  the  caterpillars  live  for  the  most  part  upon  the 
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green  portions  of  plants.  Indeed,  some  butterflies  possess 
no  mouths  at  all,  and  pass  the  whole  of  their  short  live.s 
by  the  expenditure  of  energy  laid  up  in  the  larval  condi- 
tion. Yet  this  objection  does  not  really  invalidate  the 
general  conclusion  ;  for  the  eyes  of  the  perfect  insects  have 
been  evidently  adapted  to  the  colours  of  flowers,  and  the 
main  object  of  their  winged  state  is  tlie  perpetuation  of 
the  species ;  so  that  we  can  easily  understand  how  the 
tastes  ancestrally  formed  in  their  last  stage  should  domi- 
nate the  seleciion  of  their  mates.  Hence  we  find  that  the 
colours  of  caterpillars  are  mostly  protective,  being  due  to 
natural  selection  alone,  while  those  of  butterflies  are  mostly 
attractive,  being  largelv  due  to  sexual  selection. 

Furthermore,  if  we  examine  the  Lepidoptera  in  detail,  wo 
t^hall  flnd  shnilar  conclusions  thrust  upon  us.  They  may 
be  divided  into  two  great  sections, — the  moths  and  the 
butterflies, — of  which  the  former  are  mainlv  nocturnal  or 
crepuscular,  while  the  latter  are  mainly  diurnal.  Xovv 
t  here  can  be  no  comparison  as  to  brilliancy  between  the  vast 
majority  of  these  two  groups.  The  motlis  vary  for  tlie 
most  part  from  dingy  grey  to  dusky  black,  while  the  but- 
terflies revel  in  every  shade  of  golden  yellow,  splendid 
crimson,  and  metallic  blue.  Again,  the  eyes  of  these  two 
divisions  differ  in  structure  in  a  manner  which  suggests 
the  inference  that  the  diurnal  insects  are  much  better  pro- 
vided with  optical  discrimination  than  their  nocturnal 
allies,^  especially  when  the  facts  are  compared  with  cer- 
tain exactly  similar  or  corresponding  peculiarities  in  the 
nerve-terminals  in  the  eyes  of  owls  and  bats.- 

Nor  does  the  argument  stop  liere.  Certain  species  or 
families  of  moths  fly  by  day,  and  these  {e.g.,  the  crimson- 
speckled  De'wpcia  2)idehella,  Callinwrplia  domimdn,  tho 
Afjayistida',  ^Egcriula;,  Zi/ijccnidr'  &c.)  are  as  briglitly  tinted 
as  any  butterflies.    ]Mr.  Bates  mentions  a  Brazilian  Urania, 

•  See  a  paper  by  Mr.  B.  T.  Lowne,  F.L.S.,  iu  Troc.  Uoy.  Soc,  No.  cUxxvi. 
p.  26  f,  1878. 
-  See  below. 
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"  aboautiful  tailed  and  gildoil  moih,  whose  habits  are  tliosi^ 
of  a  butterfly ;  "  ^  and  I  know  by  personal  exijerience  the 
Jamaican  species  of  similar  tastes,  whose  wings  are  exqui- 
sitely dappled  with  black,  green,  and  gold.  Indeed,  it 
may  be  stated  generally  that  most  brilliant  insects  are 
fond  of  displaying  themselves  in  the  open  sunlight ;  while 
conversely  most  insects  which  frequent  dark  places  or  lly 
by  night  alone  are  dusky  and  ugly.  By  the  side  of  these 
facts  it  is  well  to  remember  that  diurnal  ilowers,  which 
a[)peal  to  bees  and  butterflies,  have  corollas  in  every 
variety  of  red,  blue,  orange,  and  purple;  while  nocturnal 
ilowers,  which  appeal  to  moths,  are  generally  white  or 
}>ale  yellow  in  hue. 

If  we  compare  the  carrion-feeding  and  omnivorous  flies 
with  the  ilower-haunting  Lepidoptera,  we  see  at  once  tlu! 
(Uflerence  of  taste,  as  exhibited  in  the  presence  or  absence 
of  sexual  selection.  The  flies  are  generally  dark  and 
inconspicuous,  with  thin  transparent  wings ;  and  what- 
ever beauty  they  possess  is  due  to  meie  surface-play  of 
interference-colours,  not  to  the  existence  of  distinct  pig- 
ments. Xothing  in  the  nature  or  appearance  of  their 
oi'dinary  food-stuffs  would  lead  us  to  credit  them  with  any 
ancestral  love  for  pure  and  beautiful  hues. 

There  are,  however,  some  striking  exceptions  amongst 
the  dipterous  insects,  wliich  fully  bear  out  our  general 
conclusion.  Tiie  tribe  of  Bmchystumatldcc  are  "  large  flies, 
adorned  with  brilliant  colours,  which  for  the  most  part 
haunt  flowers,  living  upon  honey."-  The  Xotacantluc 
'■  are  also  frequently  brilliantly  coloured.  They  generally 
frequent  flowers."  The  Conopida",  too,  "  are  elegantly 
variegated  in  their  colours.  They  may  be  found  in  great 
ahundance  during  the  summer,  hovering  upon  their  power- 
ful wings  over  flowers  in  gardens  and  elsewhere."  Tlio 
invariability  of  this  conjunction  will  hardly  allow  us  to 
regard  it  as  accidental. 

'  The  Niituralist  on  the  Aninzons,        '■'  Dalliis,   The    Animal    Kingdom, 
[».  105.  p.  191. 
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Beetles  or  Coleoptera  sliow  us  like  results.  The  car- 
rion-feeders are  for  the  most  part  black  and  unattractive, 
us  are  also  the  nocturnal  species  and  those  which  live  in 
water.  But  the  brilliant  species  are  often  flower-feeders, 
and  fly  much  in  the  sunlight,  exhibiting  their  exquisite 
metallic  sheen,  and  displaying  their  beauty  to  their 
mates.  If  we  take  the  Lamellicorn  beetles  in  particular, 
we  shall  find  a  very  instructive  difference  between  two 
of  their  closely-allied  families.  The  cockchafers  feed  on 
leaves,  and  they  are  some  of  the  dingiest  creatures  of  their 
class  ;  but  the  Gdoniadw  feed  upon  flowers,  as  their  English 
name  of  "  rose-beetles  "  implies,  and  they  are  conspicuous 
for  the  beauty  of  their  colouring,  including  "  a  vast  num- 
ber of  the  most  brilliant  exotic  species."  It  is  a  signifi- 
cant fact,  too,  that  their  mandibles  have  been  specially 
modified,  so  as  to  enable  them  to  lick  up  honey,  whicli 
clearly  shows  a  long  persistence  in  llower-haunting  habits, 
(^uite  sufficient  to  account  for  the  formation  of  a  definite 
taste  for  colour.  "Those  species,"  says  Latreille,  speak- 
ing of  LamcUicorns  generally,  "  whicli  live  in  tlie  perfect 
state  upon  vegetable  substances,  are  remarkaljle  for  the 
brilliancy  of  the  motai.ic  colours  with  which  they  are 
adorne  I.  But  the  majority  of  the  otlier  species,  which 
subsist  on  decomposing  vegetation,  manure,  tan,  or  excre- 
mentitious  matter,  are  generally  of  a  uniform  black  or 
l)rown  hue."  The  magniticent  Bu])restid;L'  are  also,  in  many 
cases  at  least,  llower-liaunters.  The  tetramerous  beetles, 
including  the  gorgeous  Longicorns,  mav  be  regarded  as 
mainly  ilower-feeding  or  plant-hannting  insects,  and  their 
colours,  as  a  rule,  an;  very  brilliant.  Similarly,  among 
heteromerous  beetles,  the  Trachelia  of  Professor  West- 
wood  are  active  diurnal  animals,  most  of  wliicli  live  upon 
the  leaves  or  suck  the  lioney  of  llowei's,  and  they  are 
often  adorned  with  beautiful  colours;  but  the  Atraclielia, 
nocturnal  in  their  habits  and  foul  feeders,  are  gen(!rally 
black  and  dingy  in  hue.  Altogether,  thou  U  it  would  bo 
difficult  to  sum  up  so  very  varied  a  group  as  the  Coleop- 
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tera  in  a  single  sentence,  I  think  a  careful  examination 
Avill  convince  tlie  inquirer  that  here,  too,  a  general  con- 
nection exists  between  brilliancy  of  hue  and  flower-feed- 
ing or  fruit-eating  habits, 

■  When  we  turn  to  the  Hymenoptcm,  or  bee  and  wasp 
tribe,  a  great  difliculty  at  first  sight  arises  in  our  way.  It 
would  seem  as  though  some  of  these  insects  ought  to  be 
of  all  others  the  most  gorgeously  arrayed,  and  yet  for  the 
most  part  tliey  are  but  plain  and  inconspicuous  creatures. 
1  lowever,  a  closer  view  dispels  the  doubt.  Only  one  tribe 
of  the  Hymenoptera,  that  of  the  Anthnpliila,  or  bees,  is 
specially  adapted  for  feeding  on  flowers.  Now  these  fall 
into  two  classes,  the  social  and  the  solitary;  and  the  habits 
of  the  former  class,  of  course,  place  them  almost  entirely 
outside  the  sphere  of  sexual  selection.  T)ie  queen  nr 
mother-bee,  a  prisoner  for  life,  does  not  herself  seek  honey 
among  flowers,  and  those  bees  which  do  so  iuive  no  power 
of  transmitting  their  tastes  or  habits  to  descendants. 
Indeed,  tlie  whole  question  of  heredity  in  tliese  interest- 
ing animals  remains  involved  in  so  much  mystery,  tliat  it 
would  be  useless  to  base  any  arguments  upon  it  in  either 
direction. 

On  tlie  other  hand,  the  solitary  bees  are  often  beauti- 
fully coloured,  as  in  the  well-known  case  of  the  carpenter- 
bee.  The  Xomadie,  or  cuckoo-bees,  are  also  very  brilliant 
insects.  The  omnivorous  wasps  do  not  exhibit  equal 
])eauty  ;  and  the  almost  wingless,  highly  social,  and  mainly 
carnivorous  ants  are  quite  inconsi)icuous  animals,  pro- 
])ably  possessing  colour-perception  in  a  very  sight  degree. 
]]ut  the  Chrysida^  a  family  of  lower  Hymenoptera,  arc 
also  solitary  ilower-haunters, and  "in  the  richness  of  their 
colours  tliev  vie  with  hummini'-birds." 

Of  course,  it  cannot  be  denied  that  a  few  less  notable 
classes  of  insects  which  do  not  haunt  flowers  iire  never- 
theless more  or  less  brilliant  in  their  colouring.  But  this 
iloes  not  interfere  with  the  general  truth  of  our  infeniiice 
that  flower-feeders  are  specially  noticeable  for  their  bright 
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hues.  If  we  can  find  ground  for  believinj,'  tliat  those  s])C- 
(ues  which  habitually  seek  their  food  in  gay  blossoms  have 
developed  a  peculiar  love  for  colour,  which  is  shown  in 
their  choice  of  mates,  we  shall  have  done  quite  as  much  as 
is  needful.  Besides,  other  sources  exist  from  which  a  love 
for  colour  may  be  derived  as  v/ell  as  fi-om  flowers.  For 
example,  the  Orthopterous  family  of  Mantida3,  or  praying- 
insects,  are  i.oticeable  in  many  instances  for  their  bright 
tints  ;  but  as  they  live  b_.'  devouring  other  insects,  a  taste 
of  the  sort  may  have  been  generated  indirectly  in  their 
case  from  the  nature  of  their  food.  Still,  most  of  the 
Mantidie  seem  rather  to  be  deceptively  coloured  like  their 
surroundings,  so  as  to  escape  the  notice  both  of  their  prey 
and  of  their  enemies  among  birds.  A  similar  explanation 
must  be  given  in  the  case  of  the  Phasmida),  or  leaf  and 
stick  insects,  whose  colouring,  though  sometimes  compara- 
tively  striking  when  seen  in  a  cabinet,  is  purely  imitative 
of  the  foliage  or  fallen  sticks  around  them.  Many  lluwer- 
haunting  spiders,  too  (to  travel  for  a  moment  outside  tlu; 
limits  of  the  true  insects),  are  "exquisite  gems  "of  ruby 
or  sapphire  colouration  ;  yet  we  must  rather  attril)ute  their 
miignilicent  hues  to  the  need  for  imitating  the  petals  on 
which  they  creep  than  to  sexual  selection.  Such  instances, 
however,  in  no  way  militate  against  our  main  conclusion ; 
they  only  show  that  other  causes  at  work  have  sometimes 
produced  similar  results  to  those  which  we  are  contem- 
plating, though  in  a  different  manner.  Thus  it  is  quite 
possible  that  the  beauty  of  the  tiger-beetles  may  be  due 
to  their  habit  of  hunting  other  bright-coloured  insects  in 
the  open  sunlight. 

There  still  remains  a  margin  of  inexplicable  cases, 
as  might  naturally  be  expected,  for  the  study  of  these 
questions  is  yet  in  its  infancy,  and  only  a  few  isolated 
endeavours  have  hitherto  been  made  to  account  at  all  for 
the  external  appearance  of  animals.  Among  such  may 
be  mentioned  tlie  gorgeous  tropical  locusts,  the  dragon- 
flies  (which,  however,  prey  upon  many  brilliant  species), 
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ami  several  of  the  Longiconi  beetles.  JUit  all  these  in- 
stiinces  cannot  blind  us  to  the  fact  that  if  we  look  at  the 
llower-haunting  insects  in  the  mass  they  are  by  far  tiic 
most  conspicuous  for  beauty  of  their  kind.  It  is  not 
necessary  to  explain  in  detiiil  tlie  colourinj^'  of  every  in- 
dividual species — an  endless  task,  which  would  demand 
far  more  competent  treatment  than  I  could  give :  it  is 
(luite  suflicient  if  we  find  a  general  coincidence  between 
bright  food  and  bright  lines  in  the  feeder,  without 
])retending  at  once  to  account  for  every  apparent  ex- 
ception. 

And  now,  before  we  pass  on  to  examine  the  vertebrate 
world  in  tlie  same  manner  as  we  have  here  examined  tlie 
articulate,  we  must  pause  a  moment  to  meet,  or  rather 
to  touch   lightly,  a  powerful  objection  which  has  been 
urged  against  the  whole  theory  of  sexual  selection  by  no 
liiss  a  writer  than  Mr.  A.  II.  "Wallace.     In  his  \vork  on 
"  Tropical  Nature,"  that  ingenious  evolutionist  endeavours 
entirely  to  overthrow  Mr.  Darwin's  laborious  superstruc- 
ture, raised  with  so  much  toil  and  skill  in  the  "  Descent  of 
j\Ian,"  and  to  substitute  for  the  doctrine  of  voluntary 
choice,  wliich  the  older  naturalist  there  advanced,  a  number 
of  minor  principles,  whose  joint  action  nuiy  be  supposed 
to  have  produced  the  existing  colours  of  the  animal  world. 
Mr.  Wallace  has  urged  his   objections  \vi:h   even   more 
than  his  usual  ingenuity  ;  and  I  may  frankly  confess  that 
he  has  attacked  the  theory  of  sexual  selection  with  such 
judicious  vigour  that  I  felt  inclined  on  first  reading  his 
essays  to  abandon  entirely  all  that  part  of  the  present 
work  which  was  based  on  the  original  doctrine  enunciated 
by  Mr.  Darwin.     On  fuller  consideration,  however,  I  have 
determined,  though  with  much  hesitation,  to  retain  it,  in 
hopes   that  the  few  suggestions  wliich   I  have  to  make 
upon  the  question  may  possibly  contribute  to  a  clearer 
comprehension  of    its  issues,  and  to  its  ultimate  so^th'- 
ment    in    one   d'rectit)!!    or    the   otlier.    I    cannot   for   a 
moment  pretend  to  meet  a  distinguished  specialist  like 
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Mr.  Wallace  on  his  own  ground ;  nor  do  I  wish  to  dis- 
pute, the  force  and  accuracy  of  many  among  his  criticisms ; 
yet  I  trust  I  may  he  ahle  to  add  my  small  quotum  of  facts 
and  inferences  to  the  whole  data  for  a  final  opinion,  and 
I  believe  that  the  very  generalisation  whicli  it  is  the 
object  of  the  present  chapter  roughly  to  estal)lish,  may  be 
useful  in  showii  nom^  Uli  ional  h.tsis  for  the  thcoiy  of 
sexiial  s  tf^cLioii,.  P  • ;  U  ve  find  tliat  fruit-eating  and 
llower-fecding  rimii;!i's  -J'l  ically  exhibit  unusually  beauti- 
ful colours,  then  we  ;iliall  ^  ve  some  further  ground  for 
believing  that  they  do  exert  some  vague  sort  of  choice  or 
])reference  in  the  search  for  mites. 

Accordingly,  I  shall  jot  down  in  passing,  under  each 
head,  such  points  as  occur  in  relation  to  this  vexed  ques- 
tion. 

In  the  first  place,  it  is  well  to  remember  that  sexual 
selection  does  not  necessarily  imply  a  deliberate  exercise 
of  will,  or  comparison  between  the  rival  charms  of  various 
possible  mates,  which  seems  hardly  ]irobable  in  the  cas(? 
of  insects  at  least.  We  must  guard  against  the  error  of 
transferring  our  own  higlily-developed  notions  of  beauty 
to  the  simple  half-conscious  minds  of  beetles  or  butter- 
ilies.  With  us,  beauty  is  a  very  com])lex  idea,  compounded 
of  numerous  presentative,  representative,  and  re-represen- 
tative elements;  and  our  choice  of  .mates  is  a  conscious 
selection,  guided  more  or  less  deliberately  by  many  com- 
jdicated  considerations,  often  too  numerous  for  analysis 
even  in  our  own  niinds.  lUit,  without  attributing  to  iIk; 
butterfly  any  such  Iiighly-evolved  feelings,  we  may  well 
believe  that  certain  indivi'Iuals,  whose  brilliant  colours 
contrasted  strikingly  with  the  green  foliage  about  tliein. 
might  more  readily  succeed  in  attracting  the  attention  of 
mates  than  their  dingier  compeers.  AVe  know  that  the  eyes 
of  insects  are  allured  by  the  colours  of  ilowers, Mhich  have 
lieen  developed  for  this  vety  purpose:  and  ther(^  is  there- 
fore nothing  improbabh!  in  the  supj)osition  that  they  ar(! 
also  allured  l)y  bright  hues  in  their  fellows.     In  short,  I  am 
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inclined  to  sugf^est  tlmt  coiispicvoiisncsH  rather  than  heauti/ 
our  human  sonse  l-s  i'.iniccl  at  hy  tlie  hutterlly's  \viii<f. 
J  o  .s.)nie  this  will  (loul)tU;,ss  appear  ecpiivalcnt  to  a  sur- 
^•3uderof  the  whole  position;  but  ,i  little  reflection  will 
^  lobabiy  remove  such  an  a])pr"hensi()n.  For  the  sense  of 
beauty  in  its  sinntlest  form,  as  Mr.  JJarwin  rightly  puts  it, 
is  nothing  more  than  "  the  reception  of  a  peculiar  kind  of 
pleasure  from  certain  colours,  forms,  and  sounds."  ^  Now 
Me  have  seen  reason  tcj  believe  that  the  insect  feels  some 
slight  pleasure  in  the  [)ercei)tion  of  colour  in  flowers;  and 
wo  may  also  conclude  that  the  pleasure  is  er|ually  felt 
from  the  similar  stimulation  of  a  brilliant  mate.  In  either 
case,  it  seems  probable  that  a  semi-automatic  action  is  set 
up  by  the  sight  of  the  bright  hue,  ■which  leads  on  the  insed, 
instinctively  to  the  blossom  or  tlie  opposite  sex  alii. ... 
Such  a  selective  process  does  not  scein  to  nie  at  all  .:o 
transcend  the  narrow  facultie;  of  a  beetle  or  a  butte  !• 
jNIates  on  this  theory  are  not  chostsn  on  arwunt  of  their 
brilliancy,  but  their  brilliancy  renders  them  the  most 
natural  objects  to  choose. 

The  familiar  instance  of  the  moth  and  the  candle  shows 
us  this  automatic  tendency  in  its  fullest  form.  In  that  case 
it  would  seem  as  though  the  intensity  of  the  visual  stim- 
ulus set  up  a  motor  activity  of  the  wings,  which  would 
become  more  and  more  powerful  the  more  directb*  the  eyes 
of  tiie  insect  were  turned  towards  the  light.  Accordingly, 
any  random  movements  in  that  direction  woidd  be  fol- 
lowed by  more  and  more  rapid  gyrations,  ending,  as  we 
know,  in  the  central  flame,  whenever  the  eyes  both  pointeil 
straight  toward  that  quarter.  We  must  conclude  here  that 
in  the  natural  circumstances  of  moths  few  bright  objects 
would  occur  around  them,  except  flowers,  and  so  the  eye 
has  probably  been  connected  with  the  motor  system  in 
such  a  manner  that  the  reception  of  a  liglit-stimulus  acts 
immediately  upon  the  wings.  In  the  presence  of  such  a 
rare  and  un])remeditated  object  as  a  cand;e,  the  hereditary 

'  Ori|;iii  of  Siiecics,  sixth  edition,  p.  162. 
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instinct  or  ovyanisod  lialtit  becomes  a  bad  miidc,  lliuls  itself 
Jit  fault,  and  finally  re-;idts  in  the  insect's  death.  I'nt  the 
«'ase  is  very  much  lii<e  that  of  a  human  child,  who  knowinj; 
that  l)vi;^ht  red  lierrios  are  usually  sweet  and  iniiotnious, 
poisons  itself  with  those;  of  the  cuckon-]»int  or  the  yam. 
The  instinctive  jdeasuie  can  oidy  luive  been  adapted  to  the 
usual  environment  of  the  race,  not  to  special  and  excep- 
tional circumstances  like  artificial  li,L;hts  and  ])uisonons 
berries. 

It  is  possible  that  the  li^ht  of  firc-flies  and  ^low-worms 
may  be  similarly  of  use  for  the  guidance  of  the  sexes, 
though  jNIr.  l!elt  believes  it  to  be  a  warning  mark  of  inedi- 
bility. However  this  may  be,  it  is  certain  that  butterfliis 
and  insects  generally  are  so  constituted  that  they  can  dis- 
tinguish their  own  mates  imerringly  from  all  others,  even 
though  the  difference  between  the  species  be  almost 
microsco])ical.  Whether  this  discrimination  be  due  to 
sight,  or,  is  some  authors  maintain,  to  smell,  it  shows 
equally  tluii  a  minute  correspondence  exists  between  the 
senses  of  die  insect  and  its  habits  of  life.  And  as  this 
I'orrespondence,  so  far  as  each  separate  species  is  con- 
cerned, must  have  had  a  beginning^  at  some  time  or  other, 
and  conse(piently  a  cause,  there  seems  no  sufficient  ground 
for  doubting  that  conspicuousness  of  colour  formed  one  of 
the  determining  conditions.  Indeed,  T  cannot  mvself  see 
why  Mr.  Wallace,  who  allows  the  attractive  nature  of 
colouring  in  Howers,  should  deny  its  attractive  nature  in 
the  (piestion  of  .sex. 

It  is  allowed  on  all  hands,  I  believe,  tl:  \  the  special 
odours  of  insects,!  as  well  as  their  stridulating  noises,-  are 
guides  to  the  sexes  in  their  search  for  one  another.  It 
does  not  appear  that  colour  stands  on  any  diflV-rent  footing 
in  this  respect. 

Furthermore,  many  insects  have  two  sets  of  colours, 
apparently  for  different  purposes,  the  one  set  protective 

^  S«e  F.  Jliiller  in  "Nature,"  November  29,  1877. 
'''  Darwin,  Descent  of  Man,  passi7)i. 
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from  tlic  attacks  of  enemies,  llie  oilier  set  attractive  for 
I  lie  o])po.site  sex.  Thus  several  butlcrtlics  liavc  the  lower 
•sities  of  their  wint^s  protectively  coloured,  so  as  to  j)ri  'ivc 
(Ikmii  iVom  the  notice  of  birds  or  lizards,  while  they  .sil 
with  folded  win^s  on  a  llower  or  leaf;  wlu-reas  the  uj^pei- 
sides  an;  attractively  coloured,  inid  disjdayetl  in  the  open 
sunlight  as  they  ilit  about  in  search  of  mates.  !Moths, 
again,  whoso  habits  of  fokling  the  wind's  are  exactly 
opjwsite,  often  have  thc^r  upper  surfaces  imitative  or  jiro- 
tective,  while  the  under  sides  are  bright  and  beautiful. 
Sometimes  the  union  of  pi'otective  and  attractive  feature  s 
in  the  same  insect  is  very  striking.  Thus  Mr.  Wallace 
himself  mentions  a  leaflikc  butterfly,  Kallimn  iKindcldti, 
whose  wings  are  p.urple  and  orange;  above,  but  exactly 
mimic  dead  foliage  when  closed  ;^  this  insect  always  rests 
among  dead  or  dry  leaves,  and  imitates  every  stage  of 
<lecay,  being  even  apparently  spotted  with  small  fungi. 
So,  too,  Mr.  Bates  tells  us  of  a  gra8sho[)per,  rtcrochroza, 
whose;  sheath-like  fore-wings  similarly  resemlde  a  green 
liMif,  while  its  hind-wings,  usually  covered  except  during 
flight,  are  "  decorated  with  gaily-coloured  eyelike  spots."  ^ 
Again,  Mr.  Belt  observes  that  the  males  of  some  butterflies 
which  mimic  the  Helicon idae  are  colouied  with  black  and 
white,  (luite  unlike  the  mimicking  females,''  while  some 
South  African  species  show  perfectly  marvellous  differ- 
ences in  this  respect.  In  all  these  cases,  one  cannot  but 
believe  that  while  the  one  form  of  colouring  has  been 
acejuired  for  the  sake  of  protection,  the  (jther  must  differ 
from  it  for  some  sutlicient  functional  pur[)ose. 

Once  more,  there  seems  to  be  a  pretty  constant  connec- 
tion between  the  general  lieauty  of  the  flora  in  any 
particular   district  and  the  general  beauty  of  its   insect 

'  Miilay  Arcliipela^'o,  p.  131.  vious  truth  that  white  and  pale  yel- 

'■'  The  Naturalist  011  the  Amazons,  low  are  really  veiy  brilliiint  colours 

J).  145.  when  compared   with   the    green    <>r 

^  Mr.  Wfillace  Beems  to  me  to  liave  brown  of  ordinary  life.     !Sec  "Tropi- 

•luite   perverted  the  .simple  explana-  cal  Nature."' p.  204.  : 

tio!)  of  this  fact  by  neglecting  the  ob- 
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iiihiihitiuits.  Of  courso.  it  lias  loii;^-  been  noted  that  wlioro' 
IVw  or  no  flying'  insi-ct.s  exist,  few  or  no  liri,i,Oit-oolourt'i| 
llowi-rs  are  IoimhI.  lUit  wliat  [  wisli  to  point  out  lioro  in 
the  converse  fact  tliat  wliere  ltri;;ht  Llossonis  are  coniinon, 
insects  are  lirilliant,  wliiK;  wlici'e  most  blossoms  aru 
incidispicuous,  most  insects  are  (liiij;v.  On  tliis  head 
tlic  mass  of  evidence,  thou,i;li  dillicnlt  to  (|Uote,  is  ovei-- 
w'helmin<i'.  A  few  of  the  more  strikiii;^  iintances  may, 
however,  be  brielly  jfiven  here.  On  tlu;  whole,  th(>  brij^htest 
llowers  j^i'ow  amon'^  the  tropics,  and  on  tlu;  whole,  tropical 
insects  are  unusually  beautiful.  The  llora  and  tiie  minor 
fauna  of  ]\Iada;.^ascar  are  equally  remarkable  for  their 
splendid  hues.  Sir  Josei)li  Hooker  notices  the  «'.Ktrem(i 
ma^inlicence  of  the  ILimidayan  flora;  and  he  also 
menti(jns  the  singular  loveliness  of  the  butterllies.^  Sir 
JMuerson  Tennant  speaks  continually  of  the  beauty  of  the 
•brilliant  Uowerint;  shrulis  "  in  Ct'ylon,^  and  he  likewise 
speaks  of  the  b(\auty  of  its  butterliies  in  large  numbers.-' 
In  Mr.  Bates's  work  on  Brazil,  I  notice  almost  on  every 
])a_i,'e  the  conjunction  of  ])retty  insects  with  striking,' 
ilowers,  or  the  absence  of  both  toLjother.''  Especially  does 
he  note  the  beauty  of  the  Loni^dcorn  beetles  found  on 
tlowers  •''  at  Carii)i,  while  a  few  pages  before  he  remarks 
upon  the  ai)undance  of  exquisite  blossoms  at  the  same 
]»lacc.*^  I  cannot  hidp  iiiter])olatinn'  here,  though  out  of 
proper  order, the  remark  that,  just  in  like  manner,  he  seldom 
mentions  the  capture  of  a  handsome  bir  '  without  adding 
that  it  was  slujt  in  a  fruit-tree.  Almost  the  only  bright 
butterfly  which  T  ever  observed  in  large  numbers  in 
Jamaica  was  the  Cdllidryas  cuhnlc,  feeding  on  the  abundant 
yellow  cactus  blossom,  whose  hue  it  exactly  resembled,  and 
which  is  the  oidy  common  and  conspicuous  large  entomo- 
j)hilous  llower  in  the  colony,     liuth  Mr.  Wallace  himself 


'  Himalayan  Journal,  i.  152,   and        *  See  the  Naturalist  on  the  Ama- 
ii.  98.  zons,  i)p.  20,  274, 

-  Ceylon,  pp.  87,  88,  92.  "  Ibid,  p.  no. 

'  Ibid,  pp.  247,  248.  8  Ibid,  p.  lot. 
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;iii(l  Lord  (icor^'o  (';iiiij)l)cll,i  iiii  cxci'lluiit  iiDU-scii.iitilii; 
t)l (server,  ri'iuiuk  u]miii  llm  Ijciiiily  of  the  iiix'cls  hikI 
ilowers  of  the  Ki'  Islaml.s.  Siii.!liirly,  the  llowi'rs  of 
Aiuboyi)  I  are  jtariiUeled  by  its  gMr;^'('ou.s  beetles,  biitterllierf, 
iiiul  birds.-  Ou  the  (A\wx  liand,  in  Xew  Zeahmd  "  tliere 
are  scarcely  any  •^'ay  Ilowers  and  blossoms  ;  bnt  few  licr- 
baceons  plants,  iKJthin^'  but  shrubs  and  tre(;s;  shrubs 
uith  obscure  j^reen  Ilowers  ;  "  ^  while  at  the  saini;  tinit;  "  the 
butterilies  are  distin^^uisjied  neither  by  si/e  nor  by  richness 
of  colour."'*  Oceanic  islands,  %vhich  have  fewer  no  bright 
Ilowers,  are  remarkable  for  the  absence  of  bright  insects ; 
and  ]\Ir.  Darwin  mentions  of  the  CJalapa-^os  <,Moup  both 
the  fact  that  lie  "  did  not  see  one  beautiful  llower,"  and 
also  the  universal  dinginess  of  the  whole  fauna.  Ihit  this 
(luestion  is  one  on  which  it  is  dillicult  to  (piote  positive 
authorities:  it  must  rather  sulUce  to  mention  that  a  con- 
biderable  search  into  the  general  impressions  of  travellers 
— the  best  evidence,  after  all,  on  so  indelinitea  point — has 
convinced  me  that  su(,'h  a  general  relation  does  actually 
obtain.  It  is  no  answer  to  say  that  the  insects  are  neces- 
sary for  the  production  of  the  Ilowers  :  the  real  point  at 
issue  is  this — why  are  insects  bright  where  bright  Ilowers 
exist  in  numbers,  and  dull  where  Ilowers  are  rare  or  in- 
consjticuous  ?  We  can  hardly  explain  this  wide  coinci- 
dence otherwise  than  by  supposing  that  a  taste  for  colour 
is  produced  through  the  constant  search  for  food  among 
entomophilous  blossoms,  and  that  this  taste  has  reacted 
upon  its  possessors  through  the  action  of  unconscious 
sexual  selection. 

Finally,  it  would  seem  that  Mr.  Wallace's  own  theory 
of  "  typical  colours  "  really  allows  all  that  is  here  required. 
I'or  Mr.  Wallu.  speaks  distinctly  of  the  "need  of  recog- 
nition and  identilication  by  others  of  the  same  species"^ 


•  I  «i 


>  liOg-Lcttcrs  from  the  Challenger, 

V.  187. 

-  Ibiil.,  p.  208. 

^  Hoclistetter's  New   Zealand,   p. 


133.     See  also  Sir  Joseph  Ilooker'a 
"  Flora  of  New  Zealand,"  p.  28. 

*  Hoclistetter,  p.  170. 

9  Tropical  Nuture,  }).  215. 
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as  one  among  the  dotenniiiiiig  causes  of  siicli  colours,  not 
only  in  the  case  of  birds,  hut  also  in  tliat  of  butterflies, 
four  families  of  which  he  specifies  by  name.     Xow,  con- 
spicuoasness  of  liue  is  certainly  a  very  simple  means  of 
identification :  and  I  think  we  nnist  allow  that  it  acts  as 
an  allurement  t)  the  eye  iu  the  case  of  flower-feeding 
species.     1  am  quite  disposed  to   accept  Mr.  Wallace's 
belief  tliat  the  actual  disposition  of  the  stripes,  spots,  and 
lines,  is  a  matter  of  special  typical  arrangement ;  but  even 
here  one  would  naturally  suppose  that  some  minute  cause. 
must  at  Hrst  have  led  to  tlie  preference  for  one  arrange- 
ment over  anotlier.     Briefly,  to  sum  up  the  whole  question, 
after  making  full  allowance  for  warnirig  colours  and  for 
Tnimetic  or  other  protective  colours,  there  seems  to  remain 
a   large  margin  of  cases  iu  which   brilliancy  exists  for 
purely  attractive  purposes :    while   often    the    attractive 
function    is   cond)ined  with   more  or  less    of   protective 
device.      Anvbodv  wlio  watches  our  own  l-'nulish  buttei'- 
flies  on  a  sunny  day  can  hardly  doubt  that  disjday  forms 
a  part  of  the   object   for  which  their  yellow,  orange,  or 
crimson-spotted  wings  have  been  developed,  and  that  such 
display  makes  them  an  .easier  nuirk  for  their  scattered 
mates.     Above  all,  it  is  necessary  to  remend)er  that  tin-, 
winiied   condition  in   these  insects  is  hardlv  more  itself 
than  a  sexual  device  for  tlie  perpetuation  of  tiie  various 
species. 

Am',  now  let  us  pass  ou  to  consider  the  fuller  evidence 
afforded  us  by  vertebrates. 

To  begin  with  tishes,  it  must  be  allowed  that  our  present 
knowledge  of  tlu'ir  habits  scarcely  justifies  us  in  making 
any  distinct  infere.nces  from  their  colouring.  Xevertheless, 
a  few  fa(!ts  may  ])ei'haps  be  gleaned  even  hen;.  The  mass 
of  lower  marine  nnimals  are  brilliantly  cidoureil  with  what 
seem  to  be  purely  a,dventitious  or  protective^  colours;  and 
we  had  occasion  already  to  remark  upon  th(>  similarity 
between  their  hues  and  those  of  fungi,  sapi  phytes.imd 
other  like  vegetal   organisms.     As  a  few  examples  mav 
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l)e  mouiionctl  sea-aiiomones,  star-fisli,  ocliini,  medusa', 
iiscidians,  soa-shigs,  and  (3orals.  When  we  reacli  \\w 
mollu.sca,  the  colouriiiu;  lM>giiis  to  assume  a  difTerent  type, 
but  it  would  ])e  dilTicult  to  assi<m  auv  sufiieient  cause  for 
its  occurrence.  Amongst  tlie  marine  ariiculata,  and  espe- 
(dally  the  crustaceans,  many  species  exhibit  a  reguh'iritv 
of  luie,  and  minute  arrangement  of  spots  and  lines,  wliicli 
seems  to  bespeak  a  certain  amount  of  sexual  seleeliou. 
Tliesc  doiil)Lful  instances,  however,  M"e  must  pass  over,  \\u\ 
because  tliey  are  less  interesting,  luit  because  they  are  so 
very  uncertain  ;  and  in  a  brief  examination  like  the  present, 
we  must  necessarily  conlinc  our  attention  to  the  most 
salient  points.  Xow,  the  abundance  of  coloured  organisins, 
both  animal  and  vegetal,  in  the;  sea,  affords  a  fair  ground 
for  belief  that  fishes  mny  have  acijuired  a  colour-sense,  and 
a  taste  for  briglit  hues.  We  know  that  they  (as  well  as 
tlie  crustaceans)  can  be  attractcMl  by  crimson  or  scarlet 
rags,  and  that  glistening  objects  like  metals  or  artiticial 
baits  rapidly  seize  upon  their  attention.  As  to  tin; 
brilliancy,  beauty,  and  regularity  of  their  colouring,  the 
reader  must  be  referred  to  Mr.  Darwin's  desm'iption  in 
the  "  Descent  of  Man,"  where  he  will  iiiid  a  full  account  of 
the  yirincipal  facts  wlii(  h  go  to  prove  the  existence  among 
them  of  sexual  selecti(  .  T  must  content  myself  here  by 
saying  tiiat  foi'  gorgi^-us  colouring  and  variety  of  patt(!rns 
tliey  are  nowhere  surjiassed  in  tlie  wlioh^  animal  kingdom; 
and  that  metallic  sheen  is  especially  conspicuous  among 
the  devices  whereby  they  insure  the  attention  of  their 
jiiates. 

As  regards  tin;  special  question  upon  which  we  are  now 
engaged,  a  few  facts  may  be  .shortly  set  down.  Tn  the  lir.si 
])lace,  the  Iowhu*  animals  of  tro])ical  seas  are  on  the  wliole 
much  more  brilliantly  coloured  than  those  of  tempcn-ate 
climates,  and  the  same  remark  holds  good  of  the  iishes. 
Mr.  Daiwin  has  noticed  the  extreme  beauty  of  the  shoals 
which  jdayed  in  ami  out  among  the  brilliant  organisms  of 
the  coral  lagoons;  and  though  Mr.  Wallace  objects  that 


.  I       II 


*  I 


r-' 


f  I 


I  PJ  - 


I     \ 


164 


r//^  COLOUR-SENSE. 


this  may  be  due  to  protective  causes,  in  order  that  they 
may  escape  notice  among  the  bright  creatures  about  them, 
yet  as  Mr.  Darwin  pertinently  replies,  he  "was  struck  by 
the  obvious  conspicuousness  of  their  appearance  rather 
than  by  their  resemblance  to  environing  objects.  I  have 
myself  observed  the  same  point  frequently  in  the  West 
Indian  harbours,  where  the  fish  and  the  neighbouring 
creatures,  seen  through  clear  still  water,  all  appeared 
equally  beautiful  and  noticeable.  But  I  cannot  do  better 
than  quote  Mr.  "Wallace's  own  description  of  the  harbour 
of  Amboyna.  "  The  bottom,"  he  says,  "  was  absolutely 
hidden  by  a  continuous  series  of  corals,  sponges,  actiniae, 
and  other  marine  productions  of  magnificent  dimensions, 
varied  forms,  and  brilliant  colours,  ...  In  and  out  amomj 
them  moved  numbers  of  blue  and  red  and  yellow  fishes, 
spotted  and  banded  and  striped  in  the  most  striking 
manner,  while  great  orange  or  rosy  transparent  medusa; 
lloated  along  near  the  surface."  ^  And  elsewhere  he  ob- 
serves, "  The  fishes  (of  Amboyna)  are  perhaps  unrivalled 
for  variety  and  beauty  by  those  of  any  one  spot  on  the 
earth."  These  facts  at  least  tend  to  show  that  our  theory 
does  not  receive  any  active  contradiction  from  the  condi- 
tions of  marine  existence ;  and  they  are  confirmed  by 
numerous  other  like  passages  in  several  authors  whom  I 
tliink  it  superfiuous  to  (piote. 

On  the  other  hand,  tlie  larger  predatory  species,  such  as 
sharks  and  pikes,  together  with  the  majority  of  temperate 
fishes,  are  decidedly  wanting  in  brilliant  hues.  jMr.  Wallace 
observes  that  river  fish,  even  of  the  tropics,  rarely  if  ever 
have  gay  or  conspicuous  markings  ;-  and  this  is  just  what 
we  would  expect  from  the  nature  of  their  food,  consisting 
as  it  does  of  worms,  small  flics,  and  other  inconspicuous 
<)])jt'cts.  However,  we  must  allow  that  in  this  case  Mr. 
WaUace  has  witnessed  against  himself  with  excessive 
fervour;    for   many   river    fish    undoubtedly   have   very 

'  Malay  Archipolngo,  p.  295. 
-  Contributions  to  the  Theory  of  Natural  Selection,  p.  55. 
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Lrilliant  colours,  as  I  can  especially  testify  from  having 
caught  in  my  youtli  numbers  of  the  Canadian  sun-fisli, 
perhaps  the  most  exquisite  creature  of  its  class  which  I 
have  ever  seen.  But  this  particular  species  lives  in  shallow 
marshy  water,  and  may  have  derived  its  tastes  from  hutter- 
llies  and  dragon-flies.  Professor  Agassiz  speaks  much, 
too,  concerning  the  beauty  of  the  Amazonian  fishes,^  which 
lie  describes  as  having  a  quasi-marine  character  j^  and  in 
spite  of  a  possible  accusation  for  grote?,o'^'^niess,  I  would 
venture  to  suggest  that  their  colouriijg  .ly  2)erhaps  be 
due  to  those  numerous  butterflies  which  Mi  ]>ates  so  often 
describes  as  flitting  in  numbers  along  the  banks  of  that 
mighty  river.  However  this  may  be,  we  must  leave  these 
somewhat  inconclusive  cases,  and  hurry  on  to  the  terrestrial 
vertebrates. 

The  amphibia  yield  little  evidence  in  eitlicr  direction. 
The  beautiful  colouring  of  tree-frogs,  wlien  compared  witli 
toads  and  common  frogs,  is  more  jirobably  protective  than 
attractive.  Still,  tlie  newts  show  us  very  unmistakable 
signs  of  sexual  selection  in  tlieir  crests;  and  we  cannot 
say  that  the  habits  of  amphibia  may  not  have  generated  a 
love  for  colour. 

Among  the  reptiles,  however,  a  good  many  fac's  may 
be  quoted  to  our  purpose.  In  the  tirst  ])hice,  the  large 
water-haunting  crocodiles  and  alligators  are  peculiarly 
dull  and  unsightly  objects;  while  the  whole  order  of 
("helonia,  including  the  turtles  and  tortoi,:es,  are  as  incon- 
spicuous for  colour  as  they  well  can  be.  On  the  other 
hand,  the  smaller  saurians,  many  of  which  lead  an  ar- 
boreal life,  and  feed  off  varied  food,  sometinuis  fruit,  some- 
times insects  and  other  small  animals,  are  often  noticeable 
for  their  beauty.  ^lost  iguanas,  great  jungle  lizards,  con- 
trast strongly  in  hue  with  the  crocodiles  ;  but  one  species, 
Ainhljjrhijnchui^  cristatiis,  which  inliabits  the  dull-coloured 
(Jala])agos  Islands,  ai'd  has  taken  to  a  strangely  abnormal 
marine    life,    is   remarkal)le   for   the  same  sombre  tints 
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which  churaclerise  the  other  aiiiiiials  of  that  sitiqular 
archipelago,  being  described  by  Mr.  Darwin  as  of  "  a  dirty 
black  colour."  The  lesser  lizards  give  unmistakable 
l»roofs  of  Si'xual  selection  in  the  brilliant  pouches  whic.i 
they  protrude  when  sunning  themselves,  and  whose  exqui- 
site colours  have  struck  every  observer.  Their  mechanism 
for  changing  the  hue  of  tiieir  skin,  by  compressing  or 
spreading  the  layers  of  pigment  cells,  has  already  been 
noticed ;  and  it  seems  to  betray  a  considerable  sensitive- 
ness to  colour.  Dr.  (ilintlier  also  seeii  reason  to  believe 
that  the  frugivorous  lizards  have  the  tongue  as  an  organ 
of  taste,  while  in  the  insectivorous  species  he  considers  it 
merely  an  organ  for  the  prehension  of  prey.^  Xow,  a 
large  number  of  all  lizards  are  noticeable  for  their  exqui- 
site hues.  Green,  as  might  naturally  be  supposed,  from 
protective  reasons,  forms  the  general  groundwork  of  their 
colouring;  but,  as  often  happens  under  similar  circum- 
stances, many  other  shades  are  intermingled,  apparently 
to  perform  the  attractive  function.  Especially  is  tliis 
noticeable  in  the  Attolis  and  other  like  genera,  whose 
beautiful  orange  pouches  consist  of  folds  of  the  skin, 
which  are  concealed  under  ordinary  circumstances,  but 
jirotruded  for  display  when  the  animal  feels  himself 
.secure,  and  can  sun  liimself  at  leisure  on  a  dead  branch. 
The  family  of  A(j<(inidm  include  many  of  the  most  bril- 
liant .species,  especially  the  exquisite  Draco,  whose  beauty 
^Ir.  Darwin  extols  so  highly  ;2  and  these,  says  Dr. 
Giinther,  are  arboreal  in  their  modo  of  life,  while  the  dull- 
coloured  genera  inhabit  rocks  or  plains.^  It  is  true  tliat 
Draco  feeds  on  insects ;  but  when  we  remember  the 
beauty  of  many  among  these  little  tropical  creatures,  we 
see  fair  grounds  for  believing  that  its  habits  may  liave  led 
it  to  form  a  taste  for  colour.     The  Geckos  also  eat  moths  •/ 


1  Rer+iles  of  British  Indiu,  p.  56.  anmngst  butterflies,  )tiids,  these  liz- 

-   i  sh.iil  :;oto  liereafterthcsiiijjuhir  urds,  and   even  tho  flying  squirrels, 

fi  i-M  idenci;  between  t  lie  possession  of  i'v:o. 

11   tiyinpr  iippaiutus  and  general  bril-         •*  lleptiles  of  British  India,  i>.  120. 

\ic.-i:-\  oi'  buf,  \v}iich  seems  tc  obtain        *  (Jiinther,  p.  icxj. 


'  The  Naturalist  in  Juiiiiiioa,  p.  145. 
-'  Malay  Arcliipt'lago,  i>.  432. 
^  Ibid.,  p.  433. 
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while  Mr.  Gosse  i'ouud  on  dis.sectIon  many  pretty  insects 
in  the  stomach  of  the  lovely  Venus  lizard  of  the  West 
Indies.^  Here,  too,  we  may  even  see  tlie  indirect  effect 
of  flowers  and  fruits;  for  ]\Ir.  Wallace,  after  noticing  the 
"  abundance  and  varied  colours  of  the  little  jumping  spiders 
which  abound  on  flowers  and  foliage  (in  the  Aru  Islands), 
and  are  often  perfect  gems  of  beauty,"  2  goes  on  to  say 
about  the  lizards  in  the  same  place,  "  Every  rotten  trunk 
or  dead  branch  served  as  a  station  for  some  of  these 
acti/e  little  insect-hunters,  who,  I  fear,  to  satisfy  their 
gross  appetites,  destroy  many  gems  of  the  insect  world, 
which  would  feast  the  eves  and  delight  the  heart  of  our 
more  discriminating  entomolouists."^ 

Among  snakes  we  find  somewhat  similar  facts.  "While 
the  arboreal  species,  still  having  green  for  their  ground- 
work, "are  characterised  by  tlieir  vivid  colouration,"''  the 
ground-snakes,  burrowing-snakes,  and  water-snakes  are 
mostly  dull  and  inconspicuous.  Of  the  ground-colubridcs, 
in  particular,  l)r.  CJiinther  says,  "'  They  live  on  the  ground, 
and  are  generally  of  not  brilliant  colouration ;  only  a  few, 
which  frecpient  grassy  plains,  are  of  a  bright  green 
colour."  °  The  Dendrophidie  eat  lizards  and  like  prey, 
and  are  usually  ve/y  bright ;  their  colours  son.etimes,  a> 
in  the  magnificent  OZ/r/z-sopYm  ornaia,  being  decidedly  not 
protective.  Of  course,  almost  all  arboreal  snakes  fet-d 
upon  various  foods,  such  as  birds,  snudlcr  reptiles,  or 
other  brilliant  aninub.:,  whose  colours  may  have  served  to 
give  them  a  taste  in  that  direction.  I  confess  I  attacli 
little  importance  to  any  of  these  cases;  still  1  think 
worth  while  jirominently  to  call  attention  to  the  fact  tliat 
most  arboreal  creatures  are  conspicuous  for  their  excej- 
tional  brilliancy. 

Doubtless  much  of  tlu'  bright  colouration  in  all  i    e!?<i 
animals  is  more  or  less  warning  or  protective.     Thu.'r,  one 
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may  mention  Mr.  Belt's  "  little  frog  that  hops  about  in 
tlie  daytime,  dressed  in  a  bright  livery  of  red  and  blue."  ^ 
Mr.  Belt  suspected  this  species  to  be  inedible,  from  the 
staring  nature  of  its  hues ;  accordingly,  he  offered  one  to 
some  ducks,  but  oidy  succeeded  in  making  one  young  duck 
bite  it  amongst  some  meat ;  and  the  bird  "  instantly  threw  it 
out  of  its  moutli,  and  went  about  jerking  its  head  as  if 
trying  to  thro^"  off  some  unpleasant  taste."  Then,  again, 
there  are  the  coral-snakes  of  South  America,  for  which 
Mr.  Darwin  has  fully  accounted.  Once  more  Mr.  Wallace, 
in  his  "  Contributions  to  the  Theory  of  Natural  Selection," 
has  pointed  out  that  green  l;/ards  frequent  trees,  while 
many  Geckos  are  so  marbled  as  to  resemble  the  bark  on 
which  they  crawl.-  Mr.  Belt  speaks  also  of  a  green 
Nicaraguau  species,  wdiich  looks  exactly  like  the  herbage 
among  which  it  lurks,  and  has  actually  acquired  leaf-like 
expansions  to  deceive  its  prey.^  Mr.  Bates,  too,  notices  a 
pale-green  snake  [Dryophi^  fuhjida)  so  perfectly  imitating 
the  stem  of  a  liana  that  it  tleceived  even  his  practised  eye 
at  first  sight ;  ^  and  we  mu.st,  doubtless,  refer  to  the  same 
cause  the  verdant  colour  of  the  grass-snakes  mentioned  by 
Dr.  Giinther.  But  the  noticeable  point  here,  as  in  the  case 
of  the  butterflies,  is  this,  that  while  we  find  a  prevailing 
imitative  greenness,  apparently  for  protective  purposes,  we 
so  often  find  a  mixture  of  crimson,  blue,  yellow,  orange,  or 
metallic  iridescence,  whose  function  seems  to  me  purely 
attractive.  We  shall  notice  similarly,  when  wo  come  to 
look  at  the  parrots,  that  tlieir  prevailing  ground-tint  is 
likewise  green,  l)ut  tliat  they  indulge  in  every  variety  of 
brighter  pigments  in  a  decidedly  conspicuous  manner. 
IVIy  own  observation  of  West  Indian  lizards  would  certainly 
lead  me  to  say  that  tlieir  colours  were  far  moie  likely  to 
betray  them  than  to  protect  them,  even  in  their  native 
haunts. 


1  Natnralist  in  Nicaragua,  p.  321.  ^  Naturalist  in  Nicaray;ua,  j).  12. 

-  See  also  Troi)ical  ^'uture,  p.  iii,         ■•  Naturalist   on  the   Amazons,   p. 
seq.  99. 
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Birds,  however,  offer  the  best  evidence  of  all.  It  will 
he  desirable  to  mark  briefly  the  most  conspicuous  instances, 
and  then  to  give  the  minor  cases  in  detail. 

The  birds  of  prey — eagles,  hawks,  and  falcons — and  the 
carrion  birds — vultures,  condors,  and  (since  we  arc  speak- 
ing of  habits  only)  ravens  or  adjutiint  storks — are  all  dull 
greyish  or  blackish  birds,^  and  their  colouring  may  be  com- 
pared to  that  of  the  flies  and  crocodiles.  Nocturnal  birds, 
again,  such  as  owls  and  goat-suckers,  show  considerable 
analogies  to  moths  and  other  night-flying  insects.^  In 
fact,  all  the  raptores,  of  whatever  liabit,  and  almost  all 
birds  of  similar  habit  elsewhere,  are  nearly  or  quite  desti- 
tute of  decorative  colouring. 

On  the  other  hand,  among  the  insessores  we  find  an 
immense  number  of  the  most  brilliant  of  all  organic 
creatures.  Especially  remarkable  are  the  humming-birds 
and  the  sun-birds.  Now,  Prince  Lucien  Bonaparte  has 
abundantly  shown  that  the  former  family  are  rr.Jlv  the 
allies  of  our  dingy  northern  swifts,  and  that  the  -u':-!  irds 
are  not  at  all  connected  with  them  genetically.  But  both 
families  feed  upon  the  mixed  nectar  and  insects  whicli 
they  catch  in  bright-coloured  entomophilous  flowers,  and 
both  are  equally  noticeable  for  their  exquisite  metallic 
gloss,  their  varied  hues,  and  the  profusion  of  their  decora- 
tive devices,  such  as  crests,  rulfs,  feather  lappets,  and  long 
tail-plumes.  Is  it  not  a  significant  fact  that  these  two 
families,  one  in  the  western  liemisphere  and  the  other  in 
the  eastern,  separately  developed  from  dingy  ancestors, 
should  have  accjiired  exactly  the  same  exquisite  plumage 
under  exactly  like  conditions  of  food  ?  We  can  hardly 
resist  the  inference  that  a  taste  for  colour  has  been  aroused 


^  I  am  aware  that  all  such  Kencral- 
isatioiis  will  bu  attacked  by  bringing; 
up  isolated  instances,  such  as  the 
king-vulture,  who  may  lay  some  claim 
to  be  moderately  coloured  ;  but  I  must 
beg  the  reader  to  lake  each  group  in 


its  em.  ;nblc,  and  not  to  look  at  single 
cases. 

-  While  following  ajiproximately 
the  real  bitdogical  order  in  these  cases, 
I  do  not  scruple  to  inuroduce  analo- 
gous instances  from  any  other  tribe 
when  necessary. 
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in  their  constant  search  after  tlovvcrs,  and  tliat  this  tasto 
lias  reacted  tlirough  sexual  selection  upon  tlieir  own 
ai)i)earance. 

Next  in  inii)ortanco  to  these  two  families  come  the 
])arrot  group.  Tliese  are  either  fruit-eaters,  or  else,  as  iu 
tile  case  of  the  lories,  they  feeil  upon  nectar.  And  here  I 
venture  to  borrow  ]\Ir.  AVallace's  words.  "  Xo  group  of 
birds,"  says  he — "perliaps  n<j  other  group  of  animals — 
exhibits  within  the  same  limited  number  of  genera  and 
species  so  wide  a  range  and  such  an  endless  variety  of 
colour.  As  a  rule  parrots  may  be  termed  green  birds,  the 
majority  of  the  species  having  this  colour  as  the  basis  of 
their  plumage,  relieved  by  caps,  gorgets,  l»ands,  and  wing- 
spots  of  other  and  brigliter  hues.  Yet  this  general  green 
tint  sometimes  changes  into  light  or  deep  blue,  as  in  sonu; 
macaws;  into  pure  yellow  or  rich  orange,  as  in  some  of 
tlie  American  macaw-parrots  (Conurns) ;  into  i)urpie,grey, 
or  dove-colour,  as  in  some  American,  African,  and  Indian 
species ;  into  the  purest  crimson,  as  in  some  of  tlie  lories ; 
into  rosy-white  and  pure  white,  as  in  the  cockatoos ;  and 
into  a  deep  purple,  ashy  or  black,  as  in  several  Papuan, 
Australian,  and  Mascarene  species.  Tliere  is  in  fact  hardly 
a  single  v:  >tinct  and  detinable  colour  that  cannot  be  fairly 
nuxtched  ahiong  the  390  species  of  known  parrots.  Their 
habits,  too,  are  such  as  to  bring  them  prominently  before 
the  eye.  They  usually  feed  in  liocks  ;  they  ;ue  noisy,  and 
so  attract  attention ;  they  love  gardens,  orcluirds,  and  open 
sunny  places ;  they  wander  about  far  in  search  of  food, 
and  towards  sunset  return  homewards  in  noisy  tlucks,  or 
in  constant  pairs.  Tlieir  forms  and  motions  are  often 
beautiful  and  attractive.  The  inunensely  long  tails  of  the 
macaws,  and  the  more  slender  tails  of  the  liulian  parra- 
([uets;  the  fine  crest  of  the  cockatoos;  the  swift  flight  of 
many  of  the  smaller  species,  and  the  graceful  motions  of 
the  little  love-birds  and  allied  forms;  together  with  their 
allectionate  natures,  aptitude  for  domestication,  and  powers 
of  mimicry — combine  to  render  them  at  once  the  most 
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(•i)ii,si»icuous  and  lliu  riiost  attruclivo  of  nil  llie  .speciuHy 
Uopical  forms  of  Ijird-lifc."  ' 

Even  tlio  minoi'  variations  of  ihcso  tlneo  j^rcat  groups — 
the  huumiin^^Mjirds,  the  sun-birds,  and  the  jtarrots — show 
us  a  like  result.  For  there  is  one  sub-family  of  the  former 
i^roup — the  rhaethornida^ — which  have  not  taken  lo  llower 
haunting,  but  which  catcli  minute  insects  on  exposed 
situations ;  and  these  are  descriljed  by  jMr.  "Wallace,  not 
in  that  language  of  sa]ii)hire,  ruby,  and  amethyst  which  is 
lavished  on  their  congeners,  but  simjjly  as  "small  brown 
humming-birds."-  "The  members  of  all  these  genera," 
says  Vi\.  (lould  i*i  his  magnificent  work  on  tlu;  Tiochilida', 
"are  remarkable  for  being  destitute  of  metallic  biilliaiu-y, 
and,  as  their  trivial  name  of  '  heimits'  imidies,  for  ail'ect- 
ing  dark  and  gloomy  situations.  They  constitute  jjerhajis 
the  only  grou]»  of  the  great  family  of  hunnning-birds  whicli 
frequent  the  interior  of  the  foi'ests,  and  there  obtain  their 
insect  food — some  from  the  underside  of  ihe  leaves  of  the 
great  trees,  while  others  assiduously  exjdore  their  stems 
in  search  of  such  lurking  insects  as  mav  be  concealed  in 
the  crevices  of  the  bark.  It  has  been  said  that  spiders 
constitute  the  food  of  many  species  of  this  group."  And 
he  adds  si'iuificantlv  a  few  lines  furtiier  down,  "  in  the 
colouration  of  their  plumage  both  sexes  are  generally 
alike.""'  Then,  again,  we  learn  of  the  Arachnothene,  or 
spider-hunters,  "which  are  sun-birds  without  any  metallit^ 
or  other  brilliant  colouring,"  that  they  hunt  for  fooil  among 
the  anemophilous  and  uncoloured  blossoms  of  the  palm- 
trees.*  So,  too,  among  the  sombre  vegetation  of  New  Zea- 
land an  anomalous  night-parrot  {Slrif/npa  liahvopiihis)  is 
found,  M'hich  lives  in  crevices  of  the  ground,  or  in  rocks 

'  Tropical  Niitmo,  p.  100.  iir^jumeiit    liure    cini)ii!yc(l,    for    the 

-  ll)i(l.,  J).  136,  lirilliunt  muss  of  colour  would  iiiitu- 

•'  Bloiiograjih    of    the    Trochilidii',  rally  iio  to  them  the  empiticiil  symliol 

Introduction,  p.  36.  of  food,  •,iiid  thcj'  cannot  possibly  dis- 

■*  Of    course   the   other   luimmin;;-  tinj^uish   between   the  circumstance* 

l)ir(l3  and  sun-birds  also  live  mainly  which  lead  to  the  presence  of  honey 

ujioii    insects   found   in    flowers,    but  and  of    insects  in  the   blossoms  they 

this    due:s   not    niiiilutu    against   the  .-sucU, 
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iiiul  tree-roots,  only  oomin<,'  out  after  dark,  and  its  counir 
is  spoken  of  as  "dull  yellowish  ^reen."^  Hero  one  may 
feel  almost  certain  that  tlio  primitive  brij,dit  hue  has  be- 
come faded  and  dintjy  owinc;  to  the  altered  habits  of  the 
bird,  which  would  eflectually  prevent  the  action  of  sexual 
selection. 

Scarcely  less  interesting,'  are  the  group  of  pij^oons, 
which  fall  under  two  princi])al  heads,  so  far  as  our  present 
purpose  is  concerned,  the  fruit-pigeons  and  the  ground- 
])igeons.  The  ibrmer  class  are  extremely  brilliant  in  their 
colouring,  comprising  a  large  number  of  the  most  beauti- 
ful known  birds ;  while  the  latter  almost  always  display 
sombi'o  dove  colours,  slates,  and  browns.^  Now,  the  fruit- 
pigeons  are  "especially  arboreal  in  their  habits,"  and 
"  their  nourishment  consists  for  the  most  part  of  fruits  :" 
while  the  ground-pigeons  feed  almost  entirely  on  seeds. 

The  toucans  form  another  group  in  which  like  adapta- 
tions occur.  They  live  nearly  altogether  upon  fruits, 
though  they  also  devour  birds'  eggs,  iish,  reptiles,  and 
insects,  to  a  sliglit  extent.  The  exquisite  colours  which 
adorn  their  large  bills,  besides  the  varied  black,  white, 
green,  red,  and  yellow  of  their  ])lumage,  are  well  enough 
known  to  call  for  no  further  detail.^ 

Several  other  families,  allied  to  one  or  other  of  the 
preceding  groups,  are  almost  equally  noticeable  for  their 
magnificent  colouration.  First  on  the  list  may  come  the 
Australian  honey-suckers,  and  the  plantain-eaters  of 
Africa,  whose  name  sulUciently  proclaims  their  habits. 
Xext,  we  may  place  the  allied  genus  of  T(.)uracos,  "  gene- 
rally of  a  green  colour,  Avith  the  quill  feathers  of  the  wmg 
and  tail  violet  or  red."  The  birds-of -paradise,  too  well 
known  to  need  description,  feed  on  fruits,  though  some 
are  flower-suckers.     The  barbets,  knowi 


spec 
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'  Hochstetter's    New   Zealand,  p.  »  See  on  the   colours  and  food  of 

J67.  toucans,  Gould,  ' '  Mouogiaph  of  the 

-  Jcrdon,  15irds  of  India,  vol,  ii.  p.  liamithastidve," passim. 
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expressive  names  as  gokleii-tljroated,  bluc-throatod,  criin- 
soii-brcasted,  and  so  fortli,  live  almost  exclusively  on 
fruits  and  the  buds  of  llowers.  The  ornithological  reader 
■will  have  no  didiculty  in  filling  in  other  cases  fcn-himaolf. 

Again,  many  of  the  tropical  birds,  less  brilliant  on  the 
uiiolc  than  tln'so  pure  vegetable-feeders,  yet  still  remark- 
able for  beantiful  colouration,  live  u})()n  a  mixed  diet  of 
fruits,  tropical  insects,  eggs,  lizards,  and  other  bright-hued 
foods.  "  Owing  to  the  prevalence  of  forests  and  the 
abundance  of  llowers,  fruits,  and  insects,"  says  Mr. 
Walliice,  "  tropical,  and  especially  equatorial,  birds  have 
become  largely  adapted  to  these  kinds  of  food  ;  ^vhile  the 
seed-caters,  -which  abound  in  temperate  lands,  where 
grasses  cover  much  of  the  surface,  are  proportionately 
scarce."  To  this  cause,  I  believe,  we  may  trace  the  gxMieral 
l»rilliancy  of  tropical  as  compared  with  temperate  birds, 
especially  among  the  great  groups  of  jiasseres  and  picaria-. 

Among  other  instances,  whicii  I  can  only  note  briefly, 
may  be  mentioned  the  troL^'ons,  which  are  in  all  cases 
conspicuous  for  their  varied  beauty ;  but  those  which  in- 
habit America  are  more  gorgeous  than  the  Indian  species; 
and  fruit  forms  part  of  the  diet  among  the  former,  while 
that  of  the  latter  is  mainly  composed  of  insects.*  Mr. 
Gould  mentions  that  the  stomach  of  T.  collarts  contained 
on  dissection  "fruits  and  caterpilhirs."  -  Tlie  swallows 
of  temperate  climates  are  plainly  coloured,  as  might  bo 
expected  from  the  nature  of  their  food  ;  but  their 
allies,  the  rollers,  decked  in  gorgeous  violet,  blue,  and 
green,  live  upon  '•  insects  and  fruits "  in  sub-tropical 
countries :  and  with  them  may  be  included  the  exquisite 
todies,  with  their  green  plumage  and  gay  scarlet  ia-easts.'^ 
The  lovely  motmots  of  tropical  America  and  the  West 
Indies  feed  upon  insects,  fruits,  and  lizards.'*     The  diet  of 


1  Jcrdon,  Birds  of  Iiulia,  vol,  i.  p.     voc.     See  also  under  T.  mclanoptcrus 
200,  "lid  T.  pari'iiintis. 

2  Monograph  of  theTroijonidiw,  jjk'j        ^  Oray,  Cenera  of  Birds,  i.  62. 

*  Ibid,,  i.  77. 
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\.\\Q  Eiirijla'tmus  is  described  as  consisting  of  "insects,  at 
times  berries  and  fruits."^  The  omnivorous  crow  family 
are  dingy  creatures,  usually  with  no  colouring  save  black 
and  white ;  but  their  near  relations,  the  jays,  have  a  much 
more  vegetal  diet,  and  are  often  decorated  with  very 
striking  colours.  In  summer  they  "  visit  gardens,  tempted 
by  the  cultivated  fruits,"  and  they  also  feed  on  eggs  ami 
insects.  The  hornbills  live  almost  entirely  on  fruit  and 
<'ggs ;  and  their  large  beaks  are  coloured  somewhat  after 
the  same  fashion  as  the  toucans.  l>ut  I  shall  not  extend 
this  list,  wliich  might  be  easily  enlarged  with  numl)erless 
other  instances.  I  shall  ask  the  reader  instead  to  glance 
<»ver  any  ornithological  work,  and  to  notice  the  universal 
coincidence  of  coloured  food  and  coloured  plumage  for 
liimself.- 

On  the  other  hand,  most  of  the  seed-eating  and  omni- 
vorous birds  are  dull  brown,  black,  or  otherwise  dingy  in 
tlieir  pluniiige.  All  our  own  small  field-birds  may  be 
roughly  included  under  this  generalisation.  Such  are  the 
starUngs,  iinches,  sparrows,  larks,  thrushes,  ouzels,  wag- 
tails, titmice,  nightingales,  swallows,  and  martins.  Many 
of  these  live  upon  seeds  and  grains;  others  search  for 
larvai,  insects,  mollusca,  and  other  small  animals,  often 
amid  dung  or  like  refuse.  Even  amongst  these,  we  find 
instances  which  bear  out  our  general  theory.  Thus  the 
thrushes  as  a  rule  are  very  modest  in  their  plumage ;  but 
the  fruit-feeding  orioles  have  comparatively  bright  hues. 
Ho,  too,  while  most  of  the  finches  are  plainly  clad,  the 
forestine  rose-finches  have  exquisite  tints  of  pink  and 
crimson.  Again,  among  our  own  birds,  the  few  brigliter- 
coloured  species  point  somewhat  in  the  same  direction : 
for  the  bullfinch,  the  most  notable  of  them,  has  very 
arboreal  habits,  feeds  upon  various  berries,  and  attacks 
ilower-buds  in  gardens  to  such  an  extent  that  it  has  be- 

I  Gray,  Oenera  of  Birds,  i.  65.  for  inclusion  here  mi  full,  so  I  have 

'^  I  find  the  number  of  cases  col-  only  selected  hap-hazard  a  few  of  the 
loctcd  in  my  notcii  quite  too  bulky    most  istriking. 
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come  a  perfect  nuisance  to  gardeners :  and  I  lind  the  food 
of  tlie  Boliemian  chatterer  specified  as  consisting  of  "  the 
berries  of  tlie  mountain  asli,  hawthorn,  and  ivy,"  together 
witli  the  fruit  of  tlie  juniper. 

Intermediate  between  these  two  classes  of  brilliant  and 
dingy  birds  come  a  number  of  moderately-beautiful  tribes, 
some  of  which  nearly  ec^ual  the  parrots  and  humming- 
birds, while  others  scarcely  rise  above  the  level  of 
European  song-birds.  The  birds  of  this  division  are 
more  or  less  forestine  in  their  habits,  live  amid  a  very 
varied  environment,  and  feed  upon  insects  (often  very 
brilliant)  or  vegetal  matters,  including  seeds,  fruits,  bulbs, 
ilower-buds,  and  leaves.  Besides  the  rollers,  todies,  and 
motmots  already  mentioned,  we  may  class  here  the 
cuckoos,  wood  -  peckers,  pastors,  grossbeaks,  manakins, 
pachycci)halincc,  flycatchers,  hoopoes,  bee  -  eaters,  jaca- 
mars,  and  kingfishers.  It  would  take  up  too  much  space 
to  specify  all  instances  in  full ;  but  I  have  satisfied  my- 
self that  a  general  connection  may  be  traced  amongst 
them  all,  on  the  average,  between  bright  food  and  pretty 
colouring. 

The  cases  so  far  examined  belong  to  the  great  central 
group  of  birds  which  composes  the  common  orders 
Columbine,  Scansores,  and  Passeres :  we  may  glance  briefly 
at  the  more  divergent  orders,  whose  habits  have  produced 
a  very  different  structure.  The  swimming  birds,  with 
webbed  feet,  are  seldom  conspicuous  for  their  colouring. 
The  marine  species  (as  penguins,  auks,  puflins,  grebes, 
gulls,  and  albatrosses)  are  more  or  less  whitish,  with 
a  toning-down  of  black  or  grey.  But  the  ducks  and 
flamingoes,  which  live  amid  a  much  more  varied  environ- 
ment, and  feed  oil'  more  diversifled  food,  are  often  adorned 
with  conspicuous  colours.  These,  I  confess,  cannot  always 
bo  explained  by  our  present  principle. 

The  wading  birds  (snipes,  storks,  cranes,  herons)  display 
for  the  most  part  only  cinereous  or  other  dingy  plumage. 
J'sojiliia,  however,  a  brilliant  South  American  crane,  is  a 
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tropical  forestiiie  bird,  and  feeds  on  fruits  and  grains.* 
The  scarlet  ibis  of  the  Amazons  has  also  the  common  bril- 
liancy of  its  country,  which  may  be  equally  noticed  in  the 
roseate  spoonbill.  Here,  as  elsewhere,  I  must  ask  the 
reader  to  take  each  order  or  family  in  the  mass,  omittin;^ 
such  aberrant  cases  as  do  not  readily  admit  of  explanation. 

The  running  birds  (ostriches,  emus,  cassowaries,  apteryx) 
have  little  beauty  of  colouring.  The  most  brilliant  among 
them,  the  cassowary,  whose  naked  head  and  neck  are 
tinted  with  red  and  blue,  is  also  the  most  frugivorous  of 
its  order,  feeding  upon  fruits,  herbage,  and  seeds ;  while 
the  dingiest  of  all,  the  apteryx,  has  purely  nocturnal 
habits,  and  feeds  upon  insects. 

The  only  real  difficulty  is  presented  by  the  gallinaceous 
birds,  and  these  must  be  allowed  at  first  sight  to  offer  a 
great  obstacle  to  our  theory.  But  even  here  a  little  con- 
sideration considerably  modifies  the  opinion  we  form  at 
a  cursory  glance.  To  begin  with,  most  species,  like  the 
grouse,  partridges,  quails,  and  guinea-fowls,  are  by  no 
means  remarkable  for  the  purity  or  intensity  of  their  hues. 
There  is  really  only  one  family,  that  of  the  Phasianida)  or 
pheasants,  including  the  turkeys  and  peacocks,  which  can 
lay  claim  to  much  beauty  on  the  score  of  colour.  Even 
among  the  pheasants  themselves  many  species  are  far 
from  brilliant ;  and  when  we  come  to  compare  the  whole 
family  with  that  of  the  parrots  or  the  humming-birds,  we 
shall  find  that  the  peacock  alone  can  fairly  come  into  com- 
petition with  the  typical  fruit-eaters  and  flower-feeders. 
Moreover,  the  pheasants  as  a  group  are  thoroughly  fores- 
tine  birds  ;  they  pass  their  life  in  the  midst  of  brilliant 
objects,  and  many  of  these  serve  them  as  food.  Turkeys 
in  the  wild  state  feed  on  grain,  berries,  fruits,  grass,  and 
insects,  being  especially  fond  of  locusts  and  grasshoppers. 
The  diet  of  the  true  pheasants  comprises  the  same  varied 
items,  and  Yarrell  mentions  blackberries,  sloes,  haws,  and 
acorns  as  among  their  favourite  viands  in  English  copses. 

*  Gra^',  Genera  of  Dirils,  iii,  550. 
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The  forests  of  tlie  Iliinalayns  and  of  the  Mtday  Archi- 
pelago, with  their  great  brilliant  fruits  and  flowers,  and 
their  exquisite  insects,  form  the  haunts  of  tlie  most 
beautiful  species  of  pheasants.  Tlie  peacock  in  the  wikl 
state  is  also  a  jungle-frequenter,  and  feeds  upon  grain, 
fruits,  and  insects.  On  the  whole,  I  think  it  may  be 
fairly  said  that  the  gallinaceous  birds,  though  not  strong- 
supports  for  our  general  theory,  may  be  regarded  as 
friendly  neutrals  at  least.  The  dingy  species  are  skulkers 
in  underbrush,  who  feed  off  small  grain,  seeds,  bulbs,  and 
insects;  while  the  brilliant  species  are  tropical  or  sub- 
tropical forestine  birds,  whose  food  comprises  many  bright- 
coloured  objects,  both  animal  and  vegetal.^ 

Passing  on  to  the  mammalia,  we  find  facts  of  the  same 
sort  presented  on  every  side.  The  whole  lower  series, 
whether  among  marsupials,  pachyderms,  cetacea,  rumi- 
nants, carnivora,  or  insectivora,  show  us  almost  uniformly 
tints  of  black,  brown,  grey,  or  dingy  yellow.  It  is  true 
that  many  animals,  like  the  zebras,  tigers,  spotted  deer, 
and  giraffes,  have  very  noticeable  alternations  of  light  and 
dark  shades,  but  they  do  not  yield  us  pure  spots  of  green, 
blue,  red,  or  yellow.  "When  we  come  to  the  essentially 
arboreal  mammals,  however,  the  tree  rodents  and  the 
quadrumana,  we  get  many  comparatively  brilliant  species. 
The  squirrels  are  often  remarkable  for  their  beautiful 
colours,  and  the  so-called  llying-squirrels  call  for  special 
notice  in  this  respect.  The  contrast  between  these  pretty 
little  creatures  and  their  allies,  the  mice,  rats,  beavers,  and 
water-voles,  strongly  brings  out  the  peculiarity  of  their 
hues.  So,  too,  the  purely  frugivorous  monkeys  give  us 
a  variety  of  colour  which  we  find  nowhere  else  among  the 
nuimmalia :  and  in  the  scarlet  faces  of  many  among  them, 
or  most  remarkably  of  all  in  the  bright  red  and. blue  of 

^  It  is  worthy  of   note  that  one     other  swimmers,  while  its  external 
Sub-Autarctic  species,  Chionis  alba,     configuration   long  caused  it  to  be 
living  on  the  sea-sliore,  has  the  cha-     included  among  the  waders, 
ractcristic  colouring  of  the  gulls  or 
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the  m  UKliill,  wo  liave  tlio  only  'pure  tints  which  avo  to  ho 
found  in  the  wliole  dass.  Compared  with  tlie  nocturnal 
bats,  we  see  at  once  tlie  action  of  sexual  selection. 

Lastly,  T  should  likci  to  add  that  ^vhile  I  attribute 
special  importance  to  the  nature  of  the  food,  I  do  not 
deny  that  the  whole  environment  must  have  a  consider- 
able modifying,'  influence  upon  the  tastes,  and  therefoi'(! 
u[)OU  the  colouration  of  each  sjieeies;  and  accordingly 
T  freely  allow  the  general  truth  of  my  friend  ]Mr.  Romanes' 
theory  upon  this  subject,  though  1  cannot  agree  with  him 
in  setting  down  the  growth  of  tastes  to  mere  association. 

I  am  aware  that  this  long  catalogue,  by  mixing  up  the 
more  certain  with  the  less  certain  instances,  has  presented 
the  evidence  in  its  weakest  light.  To  redress  the  balance, 
thon,  let  us  recai)itulate  the  main  facts  from  another  point 
of  view. 

Flowers  are  the  most  brightly-coloured  of  all  vegetal 
])roductions.  Among  the  creatures  which  find  their  food 
in  flowers  may  be  mentioned  butterflies,  the  most  brightly- 
coloured  of  all  insects,  besides  humming-birds  and  sun- 
birds,  the  most  brightly-coloured  of  all  vertel)rates.  Other 
llower-haunting  insects  are  the  rose-beetles,  loveliest  of  all 
the  Coleoptera,  and  many  more  of  the  handsonu'st  species. 
Other  flower-haunting  birds  are  the  lories,  far  the  most 
beautiful  among  the  parrot  tribe,  and  some  of  the  birds-of- 
])aradise.  Tiic  pretty  little  barbets  also  feed  in  part  on 
flowers.  The  butterflies,  rose-beetles,  humming-birds,  sun- 
birds,  and  lories  have  lieen  highly  modi  lied  in  adaptation 
to  the  blossoms  in  which  they  find  their  food. 

Fruits  rank  second  in  beautv  among  vegetal  oi'gans. 
First  in  the  list  of  creatures  which  feed  upon  fruits  may 
be  mentioned  the  whole  tribe  of  parrots,  macaws,  and 
('(jckatoos,  the  brightest  in  hue  of  all  birds,  except  the 
flower-feeders.  Next  we  may  place  the  toucans,  with 
their  gaudy  beaks,  and  wiih  them  the  hornbills.  Then 
come  the  fruit-pigeons,  whose  gorgeous  tints  contrast 
strongly  with  those  of  their  seed-eating  congeners.     After 
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these  succeeds  a  whole  host  of  orioles,  hlue-Lirds,  hirds- 
of-paradiso,  jilantain-eaters,  and  less  conspicuous  fiuit- 
fee(l(!rs,  every  one  of  whom  has  souie  heauty  of  colouring,' 
which  recalls  its  liahitual  food.  Aj^'aiii,  tlie  fruj,Mvorous 
bats,  and  tlie  fruit-eatinj^  quadruniana,  includin}:^  the 
{^or^'eous  mandrill,  are  the  most  highly-coloured  of  th»! 
jiianunalia.  Finally,  the  frugivorous  lizards  must  not  he 
forgtjtten  among  the  list.  Of  these,  the  parrots,  toucans, 
and  fruit-pigeons  have  heen  specially  modified  to  suit 
their  peculiar  food. 

Third  in  ])oint  of  colouring  we  may  place  the  insects 
themselves,  which  have  based  their  own  beauty  upon  that 
of  the  flowers.  The  creatures  which  prey  upon  these  may 
be  divided  into  two  classes,  the  partly  frugivorous,  and  tlm 
wholly  insectivorous.  Among  the  former  we  may  specially 
note  as  brilliantly-coloured  the  rollers,  todies,  motmots, 
many  trogons,  hoopoes,  some  biids-of-]>aradise,  and  jays. 
Among  the  latter  we  may  note  the  di'agon-flies  and  tiger- 
beetles,  in  the  insect  world  itself;  the  jaeamars,  bee-eateis, 
lly-caichers,  and  many  other  bright  snudl  kinds  of  birds  ; 
and  the  Draco,  with  numy  less  brilliant  lizartls.  On  the 
whole,  these  various  animals  are  inferior  in  beauty  of 
colour  to  the  flower-feeders  or  fruit-eaters,  but  are  still 
very  bright  in  their  hues.  It  should  be  furtlun*  noted  that 
most  of  them  are  closely  allied  with  fiUgivorous  or  liower- 
iiaunting  species,  from  which  they  niay  in  some  cases  he 
descended,  and  tliat  many  live  habitually  in  the  midst  of 
an  environment  distinguished  for  the  general  brilliancy  of 
its  colours. 

Ne.\t,  we  may  descend  to  these  same  creatures  them- 
selves, looked  u])on  as  tertiary  causes  of  colouring  in 
others.  Among  the  bright  objects  M-hich  f(!ed  upon  thesn 
birds  or  reptiles  may  be  noticed  many  brilliant  snakes  antl 
some  lizard-eating  birds.  These,  too,  live  amid  an  environ- 
ment of  considerable  beauty. 

Last  on  the  list  we  may  jilace  the  marine  creatures, 
lishes  or  crustaceans,  Nvhich  pass  their  time  among  the 
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<j;i)rgeous  productions  of  tropical  seas,  and  wlioso  own 
colouring  may  possibly  rtilect  that  of  their  varied  and 
exquisite  surroundings. 

Xow  let  us  look  at  the  rovcrso  picture  of  those  classes 
which  are  specially  delicient  in  pure  and  conspicuous 
colouring. 

First  in  order  of  ugliness  must  be  placed  the  carrion- 
feeders,  who  live  upon  decaying  bodies  or  animal  excre- 
ments. Among  insects,  we  may  notice  the  flies  which 
swarm  about  carcasses  or  dung,  several  dingy  beetles,  and 
all  the  other  ugly  creatures  which  we  always  surprise  in 
such  situations.  Among  l)irds,  the  vultures,  condors, 
turkey-buz/ards,  and  other  like  ohsccncc  volucrcs,  show  cor- 
respondingly dull  colours.  Among  mannnals,  the  hyenas 
and  jackal  >  may  fall  nearly  under  the  same  category. 
It  is  worth  notice  that  all  these  creatures  liave  for 
naturally  frugivorous  num  a  certain  weird  and  uncanny 
appearance,  which  seems  not  entirely  dependent  upon  as- 
sociati(ju  with  their  hideous  mode  of  life.  It  mav  also  be 
observed  that  tiiuat?  race^:  of  mankind  which  have  most 
fidly  adopted  the  habit  of  feeding  upon  carrion  or  filthy 
prey,  such  as  worms,  insects,  &c.,  are  often  the  blackest, 
most  squalid,  and  least  aesthetic  of  the  whole  human 
sjDecies.i 

Second  in  dinginess  rank  the  nocturnal  animals.  Among 
insects,  we  have  the  moths,  and  many  such  tribes  as  ear- 
wigs and  cockroaches.  Among  birds,  M'c  get  the  owls, 
which  exactly  reproduce  the  moths  in  colour ;  besides  the 
goat-suckers,  the  apteryx,  and  numerous  other  aberrant 
types.  Among  mammals,  we  have  the  mass  of  bats,  and 
several  quadrumanous  animals.  All  these  are  remarkable 
for  a  certain  general  murkiness  of  hue,  whicli  cannot 
otherwise  be  described,  but  which  can  be  felt  as  differing 
from  the  liideousness  of  the  carrion-feeders  on  the  one 
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1  For  the  evidences  on  which  tliis  Spencer's  "Descriptive  Sociology," 
assertion  is  based,  too  numerous  for  under  heading  "  iEsthetic  Senti- 
quotutlon    here,     see    Mr.    Herl)ert    meats,"  passim. 
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liaiul,  and  tlio  ciiicroons  tone  of  the  carnivorous  birds  oi: 
tliG  other.  It  should  further  be  noted  tliat  the  owls  and 
bats  liave  eyes  specially  modified  for  darkness,  by  the 
absp^'^e  of  the  cones,  which  we  have  seen  reason  to  conclude 
are  .'•  s[)'ecial  or<.;ans  of  colour-perception  ;  while  I  havii 
idrea..;  pointed  out  a  corresponding  structural  pecul'arity  in 
tlie  eyes  of  nocturnal  insects.  The  subterranean  mole  may 
perhaps  be  grouped  in  the  same  class. 

Third  in  this  connection  we  may  place  tlie  rapncious 
animals  generally.  Fishes  supply  us  witli  the  shark  and 
l)ike.  lleptiles  include  tlie  crocodiles  and  many  snakes. 
J}irds  yield  in':tances  in  the  raptores  as  a  wliole, — eagles, 
hawks,  falcons, — and  in  isolated  cases  such  as  tlie  shrike. 
]\rammals  add  the  M'olves,  bears,  and  iiisectivoros.  The 
larger  cats,  however,  together  with  the  green  snakes,  must 
be  specially  excepted,  their  colouring,  as  we  shall  sec? 
liereafter,  being  protective  in  its  arrangement.  So,  of 
course,  must  be  the  animals  alreadv  enumerated  amonu: 
the  brilliant  class,  which  feed  upon  unusually  bright- 
coloured  prey. 

Other  cases  must  be  roughly  enumerated  in  a  singh; 
jiaragraph.  The  larger  marine  creatures  are  usually  dull : 
as  witness  M'hales,  porpoises,  walruses,  seals,  and  turtles. 
Fresh-water  animals  are  hiSs  bright  than  the  smaller 
marine  and  terrestrial  fauna :  take  for  examples  river-iish, 
fresh-water  molluscs,  water-beetles,  otters,  voles,  coots, 
and  most  water-fowl.  The  mass  of  herbivores  are  quiet 
in  colouring,  though  often  pretty  according  to  our  deve- 
loped Aryan  taste.  Omnivorous  animals,  like  crows,  pigs, 
and  men,  are  not  usually  bright  in  their  tints.  Seed-eat- 
ing birds  have  mostly  grey  or  neutral  plumage.  Marine 
birds  are,  as  a  rule,  whitisii  or  g''ey.  In  short,  the  im- 
mense majority  of  animals  which  do  not  feed  on  bright- 
coloured  food  are  of  plain  hues,  in  which  black  or  white 
predominates,  in  certain  muddy  mixtures,  with  very  little 
tinge  of  red,  yellow,  green,  or  blue,  and  with  no  spots, 
bands,  or  markings  of  pure  analytic  colours. 
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Liwtly,  iiitoriiic'diato  between  the  two  classes  of  l>rillianfc 
and  cluU-eoloured  animals,  we  get  what  may  be  called  the 
transitional  stage.  This  stage  shows  a  general  tendency 
to  pure  colours,  move  or  less  subdued  by  plainer  inler- 
niixlurcs;  but  it  does  not  ol'ten  exhibit  perfectly  unmixed 
shaiies  of  (;rimson  or  a/uro.  It  is  lepresentL'd  in  many 
insects,  ('S])ccially  among  the  Lepidojtteia  and  Coleoptera; 
in  tiie  remaining  insessorcs  and  galliniiceous  birds;  in 
s(iiuirrels,  monkeys,  and  nuiny  frugivorous  mammals ; 
and  in  numbers  of  snakes,  lizards,  and  amphibia,  Most 
of  these  may  be  said  to  hover  on  the  border  between 
bright  and  dingy  foodstuHs,  varying  from  flies,  grubs, 
slugs,  brownish  seeds,  and  small  grey  birds  or  mammals, 
to  gay  fruits,  butterilies,  birds'  eggs,  banded  snails,  bright 
little  reptiles,  and  birds  of  handsome  plumage.  x\s  a 
whole,  an  a))])roximat(;  correspondence  can  be  traced  be- 
tween the  average  Ijriiliancy  of  tiieir  food  and  the  average 
brilliancy  of  their  own  colouring. 

If  all  these  be  mere  coincidences,  they  seem  io  mo 
Avithout  exception  the  most  extraordinary  coincidences 
ever  observed  in  nature.  ]jut  even  a  list  such  as  this 
cannot  at  all  adequately  rej)resent  the  reid  state  of  tlu; 
«'ase.  I  may  therefore  be  pardojied  if  I  mention  that  tlu^ 
generalisation  here  so  insulliciently  enforced  has  been 
thrust  upon  me  by  three  separate  sets  of  observations. 
First  came  mv  own  constant  observation,  that  within  the 
sphere  of  my  daily  experience,  in  walks  and  excursions, 
in  Europe,  North  America,  and  the  West  Indies,  I  found 
such  a  corresj)oiidence  between  bright  food  and  brigh.t 
colouring,  or  dull  food  and  dull  colouring,  to  obtain  in  u 
vast  majority  of  cases.  Secondly,  visits  ])aid  for  the  pur- 
j)Ose  to  the  Zoological  Gardens,  the  British  and  other 
Museums,  and  the  various  aquariums,  in  order  to  satisfy 
myself  as  to  such  correspojidence,  greatly  increased  my 
belief  in  its  truth.  After  examining  the  several  brilliant 
species,  I  made  inquiry  into  tiustworthy  books  as  to  tho 
nature  of  their  food,  and  I  almost  ahvavs  found  that  tho 
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rou^'h  genoriili.s.itiou  I  had  provi.sioiiully  t'raineil  wa.s  iIum 
j^rc'utly  supported.  I  may  add,  too,  that  tlie  mass  of 
H[)ecimens,  as  sijcii  in  a  <,'ai'deii  or  a  cabinet,  produces  a 
far  more  vivid  inipnission  on  the  mind  than  is  ])ossibIn 
from  the  mere  menUf)n  nf  isohited  names.  Thus  a  sin<,de 
instance,  lik(i  that  of  the  peacock  ctr  tiie  llaminyo,  has^M'eat 
weight  under  ordinal.'  circumstances,  wIkju  thought  of  in 
is(dation ;  hut  wlieu  one  turns  frum  a  case  full  of  tiie 
^ualliujvceous  birds  or  the  waders,  to  a  case  full  of  ilower- 
hauntin;4  humming-birds  or  fruit-ealiny;  parrots,  the  dif- 
ference in  the  wIkjIo  average  of  instances  is  seen  to  be 
simply  inlinite.  Accordingly,  I  would  stn^ngly  urge  thos(! 
who  wish  to  judge  of  my  theory  for  themselves,  to  make 
such  careful  comparisons  in  ]>erson,  at  some  one  of  our 
great  /(jological  colleetion.s.  Thirdly  .and  lastl),  during 
the  whole  course  of  my  reading  in  the  works  of  traveller- 
naturalists,  I  have  been  invarial/ly  struck  by  the  same 
connection  of  food  and  hue.  Esjjccially  has  this  connec- 
tion been  thrust  upon  me  once  mcn-e  by  ]\Ir.  Wallace's 
admirable  w<jrk  on  "  Tropical  Xature,"  which  has  ap- 
peared since  the  present  volume  was  wholly  planned,  and 
in  great  part  written.  And  sinci;  this  theory  is  the  i)art  of 
my  work  to  which  1  myself  attach  the  greatest  import- 
ance, and  for  which  1  e.\pecL  the  greatest  amount  of  hos- 
tile criticism,  I  venture  to  add  a  few  typical  passages 
from  my  notes,  gathered  from  those  works  which  have  so 
often  stood  us  in  g(jod  stead  already,  and  jotted  down  in 
])assing,  while  the  theory  was  still  vaguely  evolving  itself 
in  my  mind.  They  may  help  to  show  the  reader  the  style 
of  suggestion  which  comes  upon  one  from  every  side  with 
reference  to  this  subject. 

Of  the  fruit-pigeons,  JJr.  Jerdon  says,  "These  pigeons 
are  of  very  large  sizCj  with  rich  and  metallic  colours  ;"■• 
but  of  the  ground  pigeons  and  doves,  which  "feed  chiefly 
on  grains,"  he  observes,  "  they  are  of  more  dull  and  sombre 
colours."-     Mr.  "Wallace  speaks  over  and  over  o  ain  of 

^  Uirdtj  of  ludia,  vol.  ii.  p.  455.  -  Ibid.,  p.  461. 
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siiiiiliir  species,  such  us  the  lovely  litUo  fruit-catinix 
J'tilinopus  2yiil<'h<llvs,  \\\\\q\\  "  is  of  a  beautiful  ^'iccii 
colour  uhove,  ^vitll  a  forchend  of  the  richest  crimson, 
while  l)eii('.'ith  it  is  ashy  white  and  rich  yellow,  l)ari(U'(l 
with  violet  red." '  Then  wc  hfivo  the  cx(i[uisitc  XicoLar 
])if,'eon,  which  eats  "fallen  fruits,"-  the  "very  handsome 
fruit-pigeon"  {CarpopJuff/a  cinirhnia),  y^hkh  lives  on  nut- 
niej,fs,'*  and  the  "j)retly  little  ll(,wer-pecker"  {Prionochilna 
((ii/ru/imhafiis),  whose  name  suiliciently  declares  its  golden 
markings.  Once  more,  Srl^nlrostruin  P((f/c'i  belongs  to  a 
family  generally  dull,  but  has  yellow  bill  and  feet,  and  a 
tail  of  "vivid  crimson  ;"*  and  on  inquiry,  wo  see  that  it 
feeds  upon  fruit.  Soon  after,  M'c  read  concerning  a  llor-k 
of  the  "  fine  crimson  lory  (Eos  rubra),  aparroquet  of  a  vivid 
crimson  colour,"  that  "they  settled  down  upon  some 
flowering  tree,  on  the  nectar  of  which  lories  feed."''  Then 
again  we  have  the  "large  green  barbets  (Mitjidomn  versi- 
color), something  like  suuill  toucans,  .  .  .  whose  head  and 
neck  are  variegated  with  patches  of  the  most  vivid  bhu; 
and  crimson.""  On  another  page  we  meet  with  a  lovely 
small  fruit-pigeon  {rtUinopiis  roscicoUis),  "  whose  entire 
head  and  neck  are  of  an  exquisite  rosy  pink  colour, 
contrasting  iinely  with  its  otherwise  green  plumage."^  So, 
when  we  tui'n  to  Sir  ICmerson  Tennant,  we  iind  the  "verv 
})eautiful  pigeon  "  Carpophar/o.  Tor rin gt o a kc ;^  iha  exquisite 
flowers,  haunted  by  lovely  butterilies ;  and  the  magnificent 
bats  and  flying  squirrels,  which  feed  on  fruits.  Mr.  Bates 
similarly  tells  us  how  along  the  Amazons  the  butterilies 
were  found  in  great  ])rilliancy  on  the  flowery  parts,"  while 
amongst  them  flitted  "  lierv  red  "  dragon-ilies  ;  how  "  from 
the  wild  fruit-trees  we  often  heard  the  shrill  yelping  of 
the  toucans ;"  ^°  how  the  pretty  cigana  (0/iisthuco)inis 
cristatus),  a  gallinaceous  bird,  eats  various  wild  fruits,  and 
how  at  one  place  on  the  river,  where  he  "  was  surprised 


'  Jliilay  Archipelago,  p.  528. 
-  Il)id.,  p.  345.         ^'  Ibici.,  p.  291. 
*  Ibid.,  p.  274.         '  Ibid.,  p.  297. 
6  Ibid.,  p.  28,  7  Ibid.,  p.  123. 


8  Ceylon,  p.  174. 

9  Niituriilist  oil  the  Amazons,  p.p 
20,  274,  et  al. 

1"  Ibid     p.  26. 
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at  the  number  and  variety  of  Lrilli.'intly-colonred  butter- 
Hies,"  he  nlso  noticed  tlie  "  f,'lf).s«y-i:roen  beak  and  rose- 
coloured  breast "  of  a  "  beautiful  bird  "  {Trojon  mifu/wriin), 
and  the  "^fold(.'n-bronze  and  steel  colours  "of  a  jacaniiir 
{Gcdhitla  vindi)i),\\\\\ii\\  fed  on  these  very  insects.^  On  tlic 
other  hand,  he  note,  liow,  near  Santareni,  "  tlie  ])astures 
are  destitute  of  Howers,  and  also  of  animal  life,  with  th(f 
exce})tion  of  a  few  small  plain-coloured  liirds.  '^  1  cduld 
multiply  these  instances  l)y  dozens,  but  I  only  select  tiie 
iirst  which  I  find  on  my  notes,  to  show  the  sort  of  evi- 
dencf  which  sugj^ested  and  su])i)orted  the  theory,^  and  by 
observing  which  it  mav  be  most  easilv  confirnuMl.  Indeed, 
whenever  I  find  mention  of  any  brilliant  creature,  be  it 
Indian  Cloliath-beetle,*  .South-American  longicorn,''  scarlet- 
faced  monkey,"  gay-coloured  squirrel,'^  haiulsorne  liats,^  or 
fairy  blue-birds,"  1  almost  always  noti(;e,  either  coupleil 
with  the  fact,  or  on  further  search,  that  the  animal  in 
(juestion  feeds  upon  bright-coloured  food. 

It  will  perhaps  seem  like  pushing  the  conclusion  lic- 
yond  reasonable  limits  if  I  go  on  to  say,  that  in  some  cases 
one  may  even  possibly  detect  a  correspondence  in  actual 
tint  between  the  animal  and  its  food.  Yet  even  this 
appears  not  wholly  impossible.  Of  course  no  stress  can 
be  laid  on  some  two  dozen  or  so  of  such  instances,  some  of 
which  may  be  really  protective;  but  the  hint  is  "vvortli 
throwing  out,  for  future  verification  or  disproof,  as  the. 
case  may  be.^** 

*  Hooker's  Hinmlayan  Jdunials,  ii. 
98. 

''  Hates,  ubi  supra,  \<.  110. 

"  Iliid.,  p.  326. 

^  Walliieo,  Malay  Arcliij'clap),  ]). 
123. 

•*  Sir  Emerson    Teiiiiatit,    Ceylon, 

!>•  i3.> 

^  Jerdoii,  Birds  of  India,  vol.  ii. 
p.  105. 

^"  I  had  collected  a  few  cases,  but 
omit    tliem,    as    bein;,'   hitherto    in- 


'  Naturalist  on  the  Amazons,  p.  71. 

-  Iliid.,  p.  183. 

■'  It  is  worth  while,  perhaps,  to 
iidil  that  the  original  idea  of  the 
causal  connection  between  flowers  or 
fruits  and  a  taste  for  colour,  which  I 
first  worked  out  in  my  "  I'hysioloj^ical 
yEsthetics,"  and  afterwards  in  this 
volume,  was  set  up  in  my  mind 
while  watching  the  humming-birds, 
troiiical  rolnns,  butterflies,  beetles, 
and  lizards,  together  with  the  blos- 
soms, berries,  and  capsicums,  in  my  sufficient 
own  garden  in  Jamaica. 
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And  now  tliat  we  have  completed  this  part  of  our 
iiuiuiry,  let  us  once  more  return  to  ]\Ir.  Wiillace's 
ohjection  against  sexual  selection,  from  the  root  upward. 
When  we  were  considering  its  applicability  to  insects,  I 
j)ointed  out  that  the  "  theory  of  typical  colours"  really 
sulHces  to  cover  the  whole  difficulty;  and  the  same  argu- 
ment will  apply  to  vertebrates ;  for  if  recognisability  is 
u  requisite  of  the  typical  colouring,  it  may  well  happen 
lliat  those  species  which  feed  on  brilliant  objects,  being 
always  on  the  look-out  for  patches  of  colour,  will  be 
mutually  attracted  to  one  another ;  and  the  taste  thus  set 
up  and  strengtliened  from  generation  to  generation  may 
become  nn  additional  cause  for  diflerentiating  the  nascent 
species  from  others  of  diflerent  habits.  As  the  taste  for 
brilliancy  and  the  frugivorous  mode  of  life  will  go  hand 
in  hand  with  one  another,  it  will  naturally  happen  that 
some  variety  of  colour  will  become  the  recognised  dif- 
ft-rentia  of  the  particular  si)ecies,  wliereby  its  members 
mutually  know  their  own  fellows  from  all  other  kinds. 
And  at  the  same  time,  inasmuch  as  all  s[)ecies  of  Hower- 
feeders  and  fruit-eaters  are  not  coloured  alike,  and  have 
not  the  same  ornamental  adjuncts,  I  fail  to  see  the  force 
of  Mr.  Wallace's  argument  that  all  individuals  seem  to 
pair  off  in  the  lung  run;  for  the  a'sthetically-endowed 
individuals  would   pair  off  with  one  another,  wliile  the 

..v^tically-deficient  would  be  left  for  their  likes;  and 

the  dilference  thus  initiated,  correlated  as  it  must  neces- 
sarily be  with  other  peculiarities  of  taste  and  habit,  would 
become  in  turn  the  starting-point  for  a  fresli  dilTeren- 
liation.  Indeed,  if  I  may  say  so  without  presumption 
concerning  so  great  a  naturalist,  ]\Ir.  Wallace  seems  to  me 
here  to  have  fixed  his  eyes  rather  upon  the  'product,  the 
made  species,  than  upon  the  process,  the  species-making.^ 

Moreover,  it  is  noteworthy  tluit  among  these  same 
brilliant  creatures,  which  owe  their  colours  ultimately  ta 


^  Sec  especially  "Troi>ical  Niiture,"  p.  qo6. 
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tlieir  briglit-hiied  food,  we  find  t^3  orealest  profusion  of 
other  apparently  testlietic  and  sexual  ornaniont.s,  Tlie 
butterflies,  besides  their  colours,  are  remarkable  for  their 
(pieer  tails  and  other  appendages,  as  well  as  for  tho:-e 
allurements  of  scent  wiiich  F.  Miiller  has  pointed  out. 
The  beautiful  fishes  are  likewise  the  species  in  which 
strange  excrescences  occur.  The  lizards  have  an  imiuen.se 
number  of  ornamental  devices,  like  pouches,  knobs,  and 
horns.  The  humming-birds  and  6uu-birds  are  distinguished 
by  their  ruffs,  crests,  lappets,  and  tail-feathers.  The 
parrots  and  birds  -  of  -  paradise  affect  similar  tricks  of 
plumage;  which  are  also  found  in  the  hoopoes  and  many 
of  the  semi-brilliant  class.  The  handsome  gallinaceous 
birds  have  combs  and  wattles.  And  while  we  find  few 
such  ornamental  modifications  among  ihe  lower  mammaliii, 
it  is  a  fact  pregnani  with  import  that  the  frugivorous  and 
arboreal  rodents  or  quadrumana  repeat  the  veiy  same 
peculiarities  of  crests,  tufts,  and  beards  which  are  so 
common  amongst  the  similarly-environed  forest  birds. 
Any  one  who  will  take  the  trouble  to  look  through  the 
immense  collection  of  instances  in  ]\Ir.  Darwin's  "  De- 
scent of  Man,"  will  see  at  a  glance  that  the  most  brilliant 
tribes  are  also,  on  the  whole,  the  mo.'^t  ornamented. 

On  the  other  hand,  one  may  hazard  the  rough  genera- 
lisation, that  the  animals  which  appeal  to  their  mates  by 
the  sense  of  hearing  are  not  those  which  appeal  by  tlie 
sense  of  colour.  The  stridiihiting  insects  and  the  singing 
birds  are  usually  plain  in  their  external  appearance.  It 
might  seem  as  though  the  habits  of  some  races  had  led 
them  to  attach  more  importance  to  sounds,  while  the 
habits  of  others  led  them  to  attach  more  to  colour.  In 
any  case,  we  may  bo  (piite  certain  that  no  such  taste  is 
fortuitous  and  isolated.  It  must  bear  some  definite 
relation  to  the  general  mode  of  life  throughout  the  race. 

One  more  question  remains.  I\Ir.  AVallace  observes 
with  great  truth  that  colour  may  be  regarded  as  a  normal 
product  of  organisation,  whose  presence  in  animals  does 
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not  need  to  be  explained  so  miicli  as  its  absence.  But 
tlie  diflicnlty  at  once  crops  up — what  colour?  I  have  not 
space  fully  to  follow  up  this  ultimate  problem;  but  we 
may  find  room  for  a  few  brief  suugestions. 

Almost  all  the  ornamental  appendages  of  animals  are 
modifications  of  the  skin  or  its  equivalent.  They  are 
found  most  frequently  and  strikingly  in  the  male  sex: 
and  they  are  most  conspicuous  during  the  breeding 
season.  "VVliatever  we  may  think  of  tlieir  functions,  we 
must  agree  that  they  are,  on  tlie  whole,  products  of  high 
vitality.  Tliey  represent  part  of  the  excess  of  nutriment 
over  expenditure.' 

But  these  dermal  adjuncts  do  not  probably  take  away 
anytliing  from  the  efleclive  energies  of  the  organism.  As 
Mr.  Lowne  well  puts  it,  in  his  able  and  suggestive  work 
on  "  The  Philosophy  of  Evoluti jn,"  the  formation  of  pig- 
ments and  like  matters  is  apparently  duo  to  the  waste- 
products  of  the  other  organs.  "  The  dermal  appendages 
of  reptiles  and  llie  feathers  of  birds,  rich  in  pigment  and 
nitrogen,  are  probably  entirely  excrementitious  to  the 
other  tissues,  and,  without  doubt,  depend  in  great  part  for 
their  origin  on  tlie  solid  nature  of  the  excretion  of  tlu; 
kidneys.  Birds  especially,  leading  a  very  active  life, 
excrete  material  rich  in  nitrogen  ;  and  the  feathers,  which 
are  shed  periodically,  enable  tliem  to  throw  oft*  that  ele- 
ment without  overtaxing  tlieir  renal  organs."  And  again, 
"  A  given  pabulum  being  supplied,  certain  essential  struc- 
tures are  nourished,  and  the  residue  is  economised  in  tlu^ 
prijduction  or  modilication  of  otlier  parts,  often  giving  i-ise 
to  ornamental  appendages  or  bright  colours;  whilst  the 
action  of  the  same  ])rincii)le  correlates  the  moditications 
of  different  organs  or  parts  with  each  other."  ^ 

Hence  we  can  understand  why  the  more  active  and 
energetic  sex  should  possess  a  greater  nund)er  of  highly 

•  Troi)ic!il  Nature,  p.  194.  Nutrition,  iii   wliich   tliese  passages 

-  The    riiiloso])liy    of     Evolution,     occur,   should  bo  consulted  with  ro- 
p.  75,     Tlie  whole  of  the  ehiijtter  on    fercuee  to  this  iiiterestiiij,'  <iuestion. 
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developed  dermal  adjuncts,  and  should  often  display  much 
l)rigliter  colours  than  the  females.  We  can  also  see  why 
these  integumentary  modifications  should  be  largest  and 
most  expanded  in  tlie  most  active  races,  sucli  as  butter- 
Hies,  birds,  flying-lizards,  and  arboreal  mammals ;  ■while 
conversely,  the  possession  of  tliese  very  organs,  in  the  case 
of  tlying  animals  at  least,  is  itself  a  cause  of  their  in- 
creased locomotive  power.  Here  wo  notice  a  remiirkaljle 
instance  of  that  close  interaction  between  structure  and 
function  which  has  lieeu  pointetl  out  by  Mr.  Herbert 
Spencer, — the  function  first  developing  the  structure,  and 
each  increment  of  structure  permitting  increased  func- 
tion, which  once  more  becomes  in  turn  the  parent  of 
further  structural  modifications. 

But  we  do  not  yet  see  why  the  pigments  wliich  are 
deposited  in  the  dead  processes  of  the  skin,  should  possess 
one  colour  rather  than  another.  The  answer  to  this  ques- 
tion must  ultimately  depend  upon  the  habits  and  needs  of 
each  species.  AVhere  prot(!ctive  colouring  ])roved  mosL 
useful  to  the  race,  it  would  be  acquired,  as  Mr.  Wallace 
lias  well  pointed  out,  among  the  infinite  possible  varieties 
of  these  very  ehungef ul  substances ;  but  where  attractive 
hues  were  of  greater  advantage,  they  would  be  retained 
by  sexual  selection.  i\Ir.  Wallace  has  shown  why  iwj- 
Qiicnt  should  be  developed  in  the  feathers  of  birds  and  the 
scales  of  butterllies;  but  it  does  not  seem  to  me  that  he 
has  sudiciently  shown  why  one  pigment  rather  than  an- 
other should  be  developed.  The  black  colouring  of  the 
crow,  and  the  dusky  wings  of  owls  and  moths,  are  just 
as  much  i)roducts  of  that  integumentary  mollification  on 
which  he  lays  so  nmch  stress,  as  are  the  bright  hues  of 
butterllies  or  the  plunuige  of  parrots.  In  fact,  it  seems 
to  me  that  Mr.  Wallace  does  not  suHiciently  distinguish 
between  pigment  and  bright  pigment. 

On  the  whole,  therefore,  while  fully  recognising  the 
value  of  ]\Ir.  Wallace's  arguments  with  regard  to  the 
origin  of  pigments,  the  relation  of  ornament  to  activity, 
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the  protective  use  of  sul)dueJ  colour  in  certain  cnsc^  to 
one  or  otlier  sex,  and  so  forth,  I  am  still  inclined  to  think 
that  the  fjeneral  coincidence  between  bright  food  and 
hrit^lit  colour  noticed  above,  does  really  warrant  a  belief 
in  such  a  simple  form  of  sexual  selection  as  that  hero 
advocated.  Especially  am  I  inclined  to  suppose  that 
ditlerences  of  taste  thus  originated  may  themselves  be 
active  difforentialin^f  a_tf(mts  for  the  production  of  new 
s])ecies  with  correlated  habits. 

A  few  further  suiTfrestions  and  observations  of  a  "onei'al 
character  may  hero  be  added,  merely  as  hints  for  those 
wiio  wish  to  pursue  the  subject  independently. 

The  brightest  colouration  and  most  developed  orna- 
mental adjuncts  seem  to  be  confined  to  very  small  and 
active  animals,  such  as  butterflies,  beetles,  humming- 
birds, sun-birds,  and  flying-lizards.  Those  of  the  some- 
what larger  creatures,  ])arrots,  toucans,  fishes,  snakes,  and 
greater  reptiles  or  amphibia,  are,  on  the  whole,  not  quite; 
so  brilliant  or  so  largely  developed ;  and  the  activity  of 
these  species  is  less  than  that  of  the  preceding  group. 
0/  the  other  hand,  the  largest  animals  of  each  great  divi- 
sion, among  vertebrates  at  least,  show  a  decided  tendency 
toward  very  dull  and  inconsi)icuous  hues;  take  as  ex- 
amples the  sharks,  sturgeons,  sun-fish,  tunny,  and  cod ; 
the  gigantic  saLamander;  the  crocodiles,  turtles,  and  great 
snakes ;  the  ostriclies,  emus,  eagles,  condors,  storks, 
swans,  and  penguins;  the  whales,  walruses,  elephants, 
hippopotami,  rhi.'ioceroses,  gorillas,  bears,  buffaloes,  and 
elks.  These  are  mostly  slow  and  inactive  aniniiils,  and 
they  are  also  little  distinguished  for  expanded  epidermal 
modifications.  Indeed,  it  may  be  said,  roughly  speaking, 
that  all  very  large  birds  or  mammals  show  more  or  less 
tendency  to  lose  or  minimise  their  feathers  or  hair. 

Those  larger  animals  which,  like  the  mandrill,  the  casso- 
wary, and  the  king-vulture,  display  brill.'int  colouring, 
have  it  disposed  in  small  patches  on  a  particular  portion 
of  the  body,  not  over  its  whole  surface. 
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Flying  aniiiirils  scorn  to  sliow  special  ipstlictic  tastes. 
At  least,  they  are  largely  provided  with  apparent  sexual 
ulliirements.  Such  are  the  colours  of  birds,  flying-lizards, 
and  butterflies;  the  ])eifunies  of  some  Lepidoj)tera ;  tlu; 
stridulating  organs  of  insects  and  the  song  of  birds ;  and 
the  frills,  rufls,  crests,  lap]iets,  or  tails  of  birds  and  butter- 
flies. Of  course,  the  origin  of  these  niav  be  lartfclv 
accounted  for  by  the  causes  ■which  Mr.  Wallace  assigns ; 
Init  their  selection  and  persistence  seems  to  imply  an 
unusual  a'stheUc  sensibility.  Jt  is  anions  birds  alone,  too. 
that  Ave  find  clear  evidence  of  av-Jthetic  feelings,  as  with 
the  magpies  and  bower  bii-ds.  Xow,  is  it  not  possible 
that  the  comparative  security  which  each  flying  race 
obtained  on  its  first  rlevelopment,  ])ermitted  the  various 
species  to  indulge  their  taste  to  a  greater  degree  than 
would  have  been  the  case  with  terrestrial  creatures.' 
Would  not  flying  creatures  be  more  likely  to  notice  and 
follow  the  attraction  of  such  a  sense-stimulation  than 
sluggish  terrestrial  animals  ?  And  might  not  the  intnj- 
duction  of  ])iedatory  species  at  a  later  date,  cajjable  of 
preying  on  these  classes,  afterwards  modify  ilio  coloura- 
tion or  other  sexual  allurement  according  to  varying 
circumstances?  I'or  example,  may  not  the  growth  of 
insect-eating  birds  have  affected  butterflies  in  various 
ways,  so  as  to  preserve  those  with  protei^tive  or  warning 
coloiirs,  M'hile  yet  leaving  many  traces  of  the  primitive; 
sexual  colouration?  or  may  not  the  presence  or  absence; 
of  hawks  and  birds  of  prey  have  determined  the  develop- 
ment of  song  or  colour  respectively  as  aii  allunmient  in 
each  species  of  bird?  Does  not  the  abundance  of  coloured 
animals  in  certain  isolated  lands,  lying  close  to  great  con- 
tinents, point  toward  the  conclusion,  that  where  special 
immunity  from  enemies  exists,  the  lesthetic  fancy  can  be 
more  inij)licitly  followed  ?     And  may  not  ^Ir.  Wallace's 
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'  "  The  most  conspicuous  pigeons,     liave  tlie  fewest  ein-nnc's.'"     Wulliice, 
wliether  l>y  colour  or  by  tlieir  crests,     Tropical  Niiture,  p.  103. 
iirc  all  found  in  countries  where  they 
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own  remarks  upon  the  huimiung-birds  of  Jiuui  Fernandez 
possibly  bear  the  same  construction  ? 

A  similar  hint  may  be  thrown  out  with  rogard  to  fish, 
whicli  bear  somewhat  the  same  relation  to  the  other 
inhabitants  of  the  ocean  as  flying  creatures  bear  to  the 
terrestrial  animals.  Indeed,  the  analogy  between  the  fins 
of  a  gurnard  and  the  wings  of  a  butterfly  must  have  been 
forced  upon  any  one  who  has  seen  those  exquisite  fish  in 
an  a([uarium.  Again,  the  whole  group  of  higher  arboreal 
nuunmals  have  some  considerable  likeness  to  birds  and 
the  other  winged  animals  in  the  activity  of  their  move- 
ments, a!id  the  comparative  security  of  their  elevated 
position,  while  their  tendency  to  i)roduce  such  forms  as 
the  ilying  squirrels,  the  anomalurus,  the  galeopithecus, 
and  the  bats,  shows  how  close  the  functional  and  adaptive^ 
resemblance  may  -ometimes  become.^  Now,  we  have 
alreadv  seen  that  these  arboreal  animals  are  on  the  whole 
much  more  briiihtlv  coloured  than  other  mammals,  and 
we  have  also  noted  their  tendency  to  develop  hairy 
appendages,  such  as  beards,  rul'fs,  and  top-knots.  More- 
over, some  of  them  are  also  distinguished  for  their  loud 
and  piercing  cries  (produced  in  the  case  of  the  howlers  by 
a  special  organ),  which  may  be  compared  with  the  song  of 
birds,  and  the  presunuibly  sexual  noises  given  out  by  some 
other  creatures. 

Here,  too,  we  see  a  striking  analogy  between  the 
development  of  the  sense  of  sight  in  general  and  of  the 
colour-sense.  For  eyes,  as  we  observed  in  Chapter  iii.,  are 
most  developed  in  the  most  locomotive  races;  and  the 
colour-sense,  the  highest  mode  of  sight,  seems  to  be  most 
highly  developed  only  in  exceptionally  locomotive  races. 
It  would  appear  natural  that  only  very  mobile  animals 
could  derive  any  special  advantage  from  the  indications 
afforded  by  colour,  and  hence  we  may  account   for  the 

1  The  flying-squirrels  are  in  all  other  flying  manimiils  are  nocturnal 
ciuses  "  remarkable  for  the  vivacity  that  they  may  be  safely  left  out  of 
of  their  colouiirg."    So  many  of  the    the  account. 
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special  share  which  flying  insects  and  birds  have  borne  in 
ilie  production  of  bright-hued  flowers  and  fruits,  as  \v(;U 
as  for  the  frequent  brilliancy  of  their  own  colouration. 

Once  more,  it  is  worth  noting  that  the  hair  of  maninials 
seems  very  little  adapted  for  the  display  of  brilliant  and 
pure  pigments.  The  best  that  can  be  said  of  the  liues 
produced  is  that  they  are  bluish,  rufous,  or  white,  never 
that  they  are  scarlet,  purple,  golden,  or  bright  blue.  The 
only  cases  in  which  mammals  present  really  brilliant 
colouring  are  those  like  the  mandrill  and  certain  other 
monkeys,  where  the  pigment  is  displayed  beneath  patches 
of  bare  skin,  not  in  the  hair  or  other  epidermal  modifica- 
tion. 

After  these  remarks  it  is  hardly  necessary  for  me  to  add 
that  I  attach  full  weight  to  Mr.  Wallace's  general  prin- 
ciples with  regard  to  the  importance  of  activity  and  of 
extended  tegumentary  surfaces  as  a  groundwork  for  \\w. 
production  of  colour  or  ornamental  adjuncts.  But  1 
regard  sexual  selection,  in  the  modified  sense  already 
noted,  as  the  agency  by  which  the  particular  colours  and 
ornaments  have  been  chosen  from  the  whole  possible 
number,  and  fixed  in  the  typical  specific  mould. 

Finally,  it  may  be  well  to  point  out  that  a  certain 
analogy  seems  to  exist  between  the  commonest  animal 
pigments,  and  those  of  fruits  and  flowers.  Some  of  the 
colours  of  animals  fade  after  death,  whence  we  may  con- 
clude that  tlie  substances  of  which  they  are  composed 
remain  in  a  state  of  comparative  chemical  instability 
]>ut  most  of  the  colours  here  treated  of  remain  permanently 
after  death,  as  maybe  seen  in  the  case  of  stuffed  birds  and 
])reserved  insects.  Accordingly,  these  bodies  may  be  con- 
sidered with  great  probability  as  comparatively  stable  in 
chemical  composition,  and  as  little  affected  by  the  danger 
of  oxidisation.  So  we  may  perhaps  guess  that  they  are 
themselves  oxidation  products  whose  affinities  are  nearly 
saturated.  If  so,  they  might  fall  ultimately  under  the 
same   category   with    the   colouring  matter  of    flowers, 

N 


1  ■ 


I  1  I  I 


=  J  I  '  1 


1 1 


1 


I    II] 
i     '  s 


I    ! 


II 


ill 


I 

^1 


||ni 

il  M 

V 


f|  i 


194 


THE  COLOUR-SENSE. 


ti'  \ 


^    5 


I '  i;i  m 


fruits,  fading  leaves,  and  other  briglit-hued  vegetal  pro-* 
ducts. 

The  reader  will  doubtless  object  that  this  chapter  is  fiir 
from  being  conclusive.  I  am  well  aware  of  its  deficiencies 
ill  this  respect,  and  shall  feel  fully  satisfied  if  it  only  prove 
suggestive. 
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CHAPTER  X. 

THE  INDIRECT  REACTION   OF  THE  CO-.^yUR-SENSE 
UrON    THE  ANIMAL   INTEGUMENTS. 

In  the  last  chapter  we  dealt  wit.h  tliose  cases  in  which 
the  colour-sense  of  animals  directly  reacts  upon  the 
species  themselves  which  possess  it,  by  causing  the  more 
brilliantly-coloured  among  them  to  be  specially  favoured 
as  parents  of  future  generations.  In  the  present  chapter 
we  must  examine  that  other  class  of  cases  in  which  tlio 
colour-sense  of  one  species  indirectly  reacts  upon  the 
appearance  of  other  species,  by  causing  all  those  in- 
dividuals which  present  certain  tints  or  spots  to  be 
destroyed,  and  only  sparing  those  which  present  certain 
other  tints  or  spots.  In  other  words,  the  last  chapter 
dealt  with  sexual  selection;  the  present  chapter  deals 
with  natural  selection.  In  the  first  case  certain  special 
hues  are  favoured  and,  therefore,  perpetuated;  in  the 
second  case  certain  special  hues  are  disadvantageous  and, 
therefore,  weeded  out.  llenee  the  action  of  the  former 
cause  is  direct,  the  action  of  the  latter  indirect.  Sexual 
selection  actively  chooses  the  beautiful,  natural  selection 
passively  permits  the  fittest  to  survive. 

[Many  of  the  cases  which  fall  under  the  present  head 
have  already  been  cited  elsewliere  as  proofs  of  the  exist- 
ence of  a  colour-sense  in  insects  or  vertebrates.  Never- 
theless, we  may  once  more  recapitulate  them  here,  partly 
for  the  sake  of  formal  completeness,  but  partly  also  to 
exhibit  their  mutual  relations  in  a  new  and  more  syste- 
matic light.     We  shall  thus    be  enabled  with   greater 

195 


t 


ii 


I  'i 


fl 


)    I 
I 

\ 


r  I : 


196 


r//^"  COLOUR-SENSE. 


clearness  to  perceive  how  strong  is  the  cumulative  evi- 
dence which  tlicy  afford  for  the  general  diffpoion  of  a 
colour-sense  throughout  the  animal  world.  /i.t  the  same; 
time,  as  this  part  of  the  subject  lias  ere  now  been  fully 
investigated  by  ^Ir.  Darwin,  Mr.  "Wallace,  and  numerous 
other  well-known  nat.iralists,  I  shall  only  attempt  to  give 
.1  very  brief  reasoned  resume  of  their  labours,  without 
refurencos  or  details  ;  referring  those  readers  who  wish  for 
fuller  information  on  the  point  to  the  original  works  from 
which  my  selection  is  made. 

The  colours  produced  (or  rather  spared)  by  natural 
selection  fall  under  two  groups,  the  Imitative  and  the 
Prohibitive. 

By  imitative  colours  we  imply  those  which  resemble 
the  hues  of  some  other  body  in  such  a  manner  as  to 
insure  protection  or  some  other  benefit  for  the  species 
which  possesses  them.  They  may  be  useful  for  either  of 
two  purposes, — to  escape  the  notice  of  enemies,  or  to 
deceive  prey.  In  the  first  case,  they  enable  the  animal 
to  avoid  being  itself  devoured;  in  the  second  case,  tliey 
enable  it  to  devour  others  more  easily,  and  so  to  secure 
a  larger  amount  of  food  than  less  deceptively-coloured 
compeers.  In  the  former  instance,  we  must  suppose  that 
the  majority  of  the  original  species  which  did  not  possess 
the  imitative  colourin<4  have  been  discovered  and  devoured 
by  enemies  endowed  with  a  colour-sense,  while  those 
which  did  possess  the  imitative  colouring  have  continually 
survived.  In  the  second  instance,  we  must  suppose  that 
the  individuals  which  had  no  imitative  colouring  have 
failed  to  secure  sufficient  food,  through  betraying  their 
presence  too  readily  to  their  prey,  while  those  which  had 
such  colouring  have  successfully  deceived  their  quarry, 
and  so  continually  survived.  AVo  might  compare  the 
first  case  to  that  of  a  man  who  disguises  himself  in  order 
to  escape  the  observation  of  his  enemies ;  and  the  second 
case  to  that  of  a  man  who  hides  himself  under  boughs 
and  leaves  to  net  a  nearer  shot  at  L^ame.     Practicallv, 
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however,  it  is  often  hard  uj  say  fur  which  of  these  two 
purposes  a  particular  colour  lias  been  developed ;  and 
often  the  same  colouring,'  must  enahle  the  animal  both  to 
deceive  its  enemies  and  to  escape  the  observation  of  il.-. 
prey.  We  shall  not,  therefore,  attempt  in  the  sei^uel  to 
distinguish  between  them. 

One  large  class  of  imitative  colours  consists  of  a  general 
resemblance  to  the  whole  surrounding  environment.  Of 
this  we  have  cases  in  tl;e  soles  and  other  Ihit-lish  which 
exactly  imitate  the  colour  and  speckled  appearance  of  th(; 
sand  on  which  they  lie — so  mucli  so  that  even  a  careful 
luiman  observer  is  often  deceived  at  a  distance  of  a  few 
feet.  Other  instances  are  those  of  the  birds,  reptiles,  and 
insects  of  Sahara,  all  of  which,  as  Canon  Tristram  observes, 
copy  closely  the  grey  hue  of  the  desert  around  them. 
Arctic  animals  are  almost  universally  white.  The  fishes 
and  Crustacea  which  live  among  the  sargasso  weed  have 
a  general  yellow  tint  which  renders  them  indistinguishable 
from  the  surrounding  masses  of  algie.  Large  marint; 
animals,  as  Mr.  Darwin  points  out,  have  their  backs  dark 
and  their  bellies  whitish,  which  exactly  corresponds  to 
the  general  distribution  of  light  and  shade,  as  a  spectator 
looks  up  or  down  in  the  water.  Forestine  birds  and 
reptiles  have  ordinarily  a  ground-tint  of  green ;  and  small 
green  snakes  and  lizards  are  commonly  found  among  grass 
or  low  herbage.  Geckos  are  marbled  like  the  walls  and 
rocks  on  which  they  run.  Some  sea-side  butterflies  have 
sand-coloured  v,'ings.  Aphides  and  many  leaf-eating  cater- 
pillars are  bright  green  in  hue.  Other  instances  are  too 
numerous  for  insertion  here.  It  is  wortli  notice,  however, 
that  we  find  the  general  tendency  to  imitative  colouring, 
in  accordance  with  the  whole  environment,  must  stronylv 
displayed  where  the  environment  is  most  uniform  in  its 
hues — as  in  Sahara,  the  Arctic  snows,  the  sargasso  sea, 
(jr  the  sands  of  the  sea-bottom;  because,  in  such  circum- 
stances, any  variation  of  tint  would  be  especially  notice- 
able.    Where  the  general  distribution  of  colour  is  most 
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varied,  as  in  tropiciil  forests,  we  liiid  tlio  greatest  variety 
of  animal  colours;  while  the  imitative  devices  are  usually 
I'ar  more  spcciidiscd,  so  as  to  resendjle  some  particular 
object  in  tin;  environment,  not  the  prevailing  hue  of  the 
environnuMit  as  a  whole. 

In  a  second  class  of  cases  the  resemblance,  though  still 
general,  shows  some  more  specialised  features  than  those 
noted  above.  Thus,  many  caterpillars  have  si)ots  which 
mimic  the  distribution  of  light  and  shade  among  the  leaves 
on  which  they  feed ;  and  Sir  Jolin  Lubbock  refers  to  a 
like  caus(!  tiie  colouration  of  those  great  cats  which,  like 
lh(!  leoi)ard  and  jaguar,  live  among  trees.^  Similaily,  the 
sarno  naturalist  points  out  that  tlie  large  grass-frequenting 
caterpillars  have  longitudinal  lines,  corresponding  witii 
those  of  the  heritage  around;  while  "tlujse  which  live  on 
large-veined  leaves  have  oblitpie  lines,  like  the  oblique 
ribs  of  tlie  leaves."  The  jungle  cats,  too,  such  as  the 
tiger,  have  perpendicular  stripes,  "  rendering  them  very 
dillicult  to  see  among  the  brown  grass  whicli  they 
frequent ;  "  while  "  the  ground  cats,  such  as  the  lion  and 
])uma,"  falling,  of  course,  under  our  previous  class,  "  are 
l)rownish  or  sand-colour,  like  the  open  places  they  in- 
habit." Here,  as  before,  only  a  few  typical  instances  can 
be  quoted,  out  of  many  hundreds  collected  by  various 
careful  observers. 

A  very  specialised  form  of  this  adaDtation  to  parti- 
coloured environments  is  found  amongst  those  animals 
which,  like  the  chameleon,  and  the  cliameleon-shrimp, 
possess  the  power  of  altering  their  colour,  in  accordance 
with  the  surface  upon  wliich  they  rest.  But  in  this  case 
it  is  remarkable,  as  Mr.  Wallace  observes,  thai  oidy  such 
colours  can  be  produced  as  occur  normally  in  the  natural 
(invironnient  of  the  particular  species. 

A  third  class  of  cases  with  imitative  colouring  proceeds 


1  See  liis   interesting  Glasgow  lecture,    "  On  certain  Kelatious  between 
I'lants  anil  Insects." 
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from  ^'(tneral  to  special  reseinl dances.  Here  wc  n'ay 
]ilaco  all  the  leaf-insects,  stick-insects,  ami  other  creatines 
which  present  close  siniilariiies  to  various  surrounding' 
or^'anic  hodies.  A  sufllcient  nuniher  of  these  have  been 
ali'eady  mentioned  to  avoid  the  necessity  for  repetition 
at  present. 

A  special  case  of  this  third  class  is  shown  in  the  well- 
known  ])lienoinena  of  iniwirri/,  with  which  Mr.  IJates  and 
I^Ir,  Wallace  have  made  us  familiar.  These,  too,  have 
liefore  received  ample  attention,  and  need  not  longer 
detain  us  now.  AVith  them  we  may  close  our  lirst  divi- 
sion of  Imitative  Colours. 

The  second  division,  that  of  Prohiljitive  Colours,  em- 
hracos  those  cases  where  a  colour  acts  as  a  warning  of  some 
noxious  or  disagreeable  quality  in  its  possessor.  These 
colours  are  usually  very  conspicuous,  as  it  must  he  suj)- 
j)osed  that  they  court  attention,  and  so  prove  protective 
to  the  species.  Among  them  may  he  noticed  the  hright- 
coloured  hut  nauseous  caterpillars  and  butterflies,  nunierous 
inedible  reptiles  and  amphibia  (such  as  Mr.  Delt's  Nicara- 
guan  frog  already  (pioted),  several  birds  of  pugnacious 
habits,  and  perhaps  some  beetles  and  dragon-flies.  Mr. 
K.  N.  ]\Ioseley  believes  that  the  colour  of  many  marine; 
organisms  are  prohibitive,  and  act  as  warnings  to  hungry 
])assers-by.  Fur  my  own  jiart,  however,  I  must  confess 
that,  when  I  consider  the  universality  of  colour  as  a  means 
(jf  attraction,  I  am  almost  as  much  incliiied  to  doubt  the 
reality  of  these  explanations  as  Mr.  Wallace  is  inclined 
to  doubt  the  reality  of  sexual  selection. 

To  sum  up,  we  may  conclude  that  the  whole  colouration 
of  the  organic  world  is,  in  the  rough,  perfectly  explicable 
upon  the  hypothesis  that  the  higher  animals  generally 
jiossess  a  colour-sense  essentially  identical  with  our  own; 
wliile  it  is  absolutely  inexplicable  if  we  su]ipose  that  they 
do  not  possess  such  a  colour-sense.  The  inference  is 
almost  irresistible,  that  tliis  hypothesis  is  true.  Our 
(•umulative  proof  has  now  been  completed.     We  have  seen 
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that  flowers,  fruits,  insects,  birds,  and  mammals,  all  slio\v' 
us  just  the  colouration  which  we  should  naturally  exi)ect 
if  we  believed  all  the  more  developed  animals  to  seo 
colours  as  we  see  them.  We  have  also  observed  that 
many  of  them  do  undoubtedly  possess  such  powers  in  a 
manner  essentially  similar  to  ourselves.  Our  hypothesis 
is  thus  a  hypothesis  which  explains  all  the  facts  ;  the 
cause  ^vhich  it  postulates  is  a  vera  causa,  a  cause  other- 
Avise  known  to  be  real  and  sufficient  for  the  production  of 
the  facts ;  and  so  far  as  many  of  the  cases  are  concerned, 
it  is  not  a  hypothesis  at  all,  but  a  known  and  ascertained 
certainty.  The  grounds  for  believing  in  a  common  and 
identical  colour-sense  amongst  all  the  higher  animals  are 
accordingly  seen  to  be  practically  irresistible. 

Xote. — At  the  conclusion  of  the  present  portion  of  my  work  wliich 
deals  with  the  colour-sense  in  lower  animals,  it  may  be  well  to  point 
out  what  are  the  chief  instances  of  organic  colouration  which  the 
theories  here  adopted  leave  yet  unexplained.  They  may  be  briefly 
sumn)ed  up  uud^-r  three  heads.  The  first  includes  the  radiate 
aninuils,  and  such  other  marine  creatures  as  the  sea-slugs  and  some 
of  the  lower  articulates.  It  is  possible  that  the  colours  in  these 
cases  may  be  purely  adventitious,  depending  entirely,  like  the  green 
of  leaves,  on  the  chemical  constitution  of  the  pigmentary  substance, 
and  subserving  no  special  function  as  colours.  This  is  particularly 
likely  in  the  case  of  deep-sea  organisms,  living  at  u  depth  when; 
little  or  no  light  can  ever  penetrate.  (See  Sir  Wyville  Thomson's 
"  Depths  of  the  Sea,"  passim,  and  especially  pp.  465,  466.)  Never- 
theless, animals  found  under  such  circumstances  occasionally  possess 
very  large  and  striking  eyes  (see,  for  example,  the  figure  of  Cystosoind 
A'epttmi  in  Sir  \V.  Thomson's  "Voyage  of  the  Challenger"  p.  130), 
Ko  that  the  colours  may  perhaps  bo  protective.  Upon  this  difllcult 
subject  the  reader  may  consult  Mr.  Moseley's  interesting  papers, 
where  the  colours  of  deep-sea  organisms  are  explained  as  survivals 
of  a  habit  originally  acquired  for  protective  purposes  in  shoal  water. 
The  second  class  includes  the  sliells  of  mollusca.  At  present,  I  see 
no  other  explanation  of  their  colours  save  that  they  are  purely 
adventitious  ;  but  this  last  refuge  must  only  be  regarded  as  pro- 
visional, since  fresh  facts  or  suggestions  are  continually  coming  to 
light,  which  enable  us  to  discover  some  functional  reyson  for  what 
at  first  sight  appeared  purely  accidental.     The  third     .iss  includes 
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the  oggs  of  birds.     And  here  I  am  disposed  to  allege  as  a  possihln 
explanation  that  the  colouration  may  act  as  a  supplementary  allure- 
ment to  the  instinct  of  incubation,  just  as  sexual  colours  act  as  a 
supplementary  allurement  to  the  instinct  of  reproduction.     This 
theory  will  seem  less  far-fetched  when  we  recollect  the  fact  that  the 
eggs  of  reptiles,  usually  abandoned  by  the  mother,  are  generally 
ipiite  dingy  in  their  coverings,  while  those  of  birds,  forming  objects 
of  suck  great  parental  solicitude,  are  almost  always  more  or  less 
l)eautiful  in  their  hues.     And  if  we  put  these  indications  beside  the 
other  marks  of  aisllietic  feeling  in  birds— their  song,  colour,  d^-mal 
adjuncts,  ornamental  nests,  bowers,  and  occasional  habit  of  abstract- 
ing brilliont  objects— the  theory  certainly  gains  in  verisiniilitude. 
On  the  other  hand,  it  must  always  be  remembered  that  the  occur- 
rence of  colour  never  really  demands  an  explanation  in  organic 
bodies,  any  more  than  it  does  in  the  ruby,  the  sapphire,  or  the 
enjerald. 

For  further  details  upon  the  colouration  of  animals  the  reader 
must  be  referred  to  Mr.  Wallace's  admirable  work  on  "Tropical 
Nature." 
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We  have  now  completed  our  survey  of  the  colour- sense  in 
Animals  generally,  and  we  come  to  consider  its  manifesta- 
tion in  man. 

If  the  conclusion  to  which  we  have  been  led  in  our 
previous  investigation  be  correct,  if  all  the  higher  animals, 
and  amongst  them  the  quadrumana,  he  endowed  with  a 
perception  of  colour  substantially  the  same  as  our  own, 
then  it  will  naturallv  follow  that  man,  the  descendant  of 
an  advanced  quadrumanous  type,  must  have  possessed  the 
same  faculty  from  the  very  earliest  period  of  his  separate 
history.  The  colour-sense  must  be  a  common  property  of 
all  mankind,  in  every  country,  and  in  every  age. 

Here,  however,  we  are  confronted  by  the  adverse  theory 
of  jNIr,  Gladstone  and  Dr.  Hugo  Magnus,  who  endeavour 
to  convince  us,  on  the  contrary,  that  the  sense  of  colour  is 
quite  a  late  and  post-historical  acquisition  of  the  human 
race.  From  philological  evidence  in  the  Vedas,  in  the 
Hebrew  scriptures,  and  in  the  Homeric  poems,  they  con- 
clude that  some  three  thousand  years  ago  the  foremost 
tribes  of  the  Semitic  and  Aryan  races  were  incapable  of 
distinguisliing  between  red,  blue,  green,  and  yellow. 
Starting  from  sucli  an  imaginary  primitive  state,  they 
trace  up  the  development  of  the  colour-sense  through  the 
succeeding  ages,  marking  out  four  principal  stages  in  the 
growth  of  the  perception.     All  this  startling  tlieory  they 

set  forth  on  purely  philological  grounds.     I  shall  brinlly 
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give  the  main  points  of  their  hypothesis,  almost  in  the 
very  words  of  Mr.  Gladstone,^ 

The  starting-point  is  an  absolute  blindness  to  colour  in 
the  primitive  man.  Thence,  in  the  progressive  education 
of  the  organ,  tliree  chief  colours  have  been  successively 
disclosed  to  it,  and  have  appeared  in  the  order  of  their 
greater  or  less  refrangibility — red,  green,  violet.^  The 
first  stage  attained  is  that  at  which  the  eye  becomes  able 
to  distinguish  between  red  and  black,  lied  comes  first 
into  our  perceptions,  because  it  is  the  most  luminous  of 
the  colours;  but,  says  Cleiger,  in  the  Eifjvcda  yfhite  and 
red  are  hardly  severed.  In  the  next  stage  of  the  develop- 
ment, the  sense  of  colour  becomes  completely  distinct 
from  the  sense  of  light,  lioth  red  and  yellow  M'itli  their 
shades  (including  orange)  are  now  clearly  discerned.  To 
this  stage  Magnus  refers  the  Homeric  poems,  in  which  red 
and  yellow  colours  are  set  forth,  while  no  mention  is  made; 
(according  to  these  authorities)  of  green  or  blue.  The 
characteristic  of  the  third  stage  is  the  recognition  of 
colours  which  in  point  of  luminousncss  belong  to  neither 
extreme,  but  are  in  a  mean,  namely,  green  with  its  varieties. 
Finally,  in  the  fourth  stage  of  the  development,  we  »find 
An  accpiaintance  wiih  blue  begins  to  emerge.  This  is  a 
stage  not  even  now  reached  universally;  for  exam^de,  in 
lUirnia  (it  is  alleged  by  r)astian)  a  striking  confusion 
between  blue  and  green  is  a  perfectly  common  phenome- 
non, and  a  like  confusion  is  not  unusual  among  ourselves 
by  candle  light.'' 

Of  course,  the  first  point  which  strikes  an  evolutionist 
on  being   confronted  with   this  elaborate  theory  is  the 
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1 1  liave  to  tliank  Jlr.  Oladstone  for 
his  courtesy  in  forwanliiij;  1110  a  copy 
(if  his  pamphlet,  aiul  also  for  kindly 
calling  my  attention  to  some  con- 
troversial articlcH  which  appeared  on 
this  subject  in  Kosmos. 

■■'  I  cojiy  Mr.  Ghnlstone's  words,  but 
he  evidently  means  in  tiie  iiivtVM 
order  of  their  refrangibility. 


''  Extracted  almost  literally  from  Jlr. 
Gladstone's  article  on  "The  Colour- 
Sense"  in  the  "Nineteenth  Cen- 
tury," for  October  1877.  lleferences 
to  the  works  of  Geiger  and  Magnus, 
as  also  to  the  various  controversial 
papers  which  they  luive  cidled  forth, 
V  ill  he  found  in  full  (  n  a  previous 
I'.'ge. 
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utter  inadequacy  of  the  time  assigned  for  tlie  origin  of 
sucli  strong  and  fundamentally  differentiated  sensations 
as  those  of  colour.  Had  Dr.  Magnus  said  three  million, 
or  even  thirty  million  years,  the  evolutionist  could  have 
hesitated  on  the  score  of  insufficient  elbow-room ;  but 
M'lien  our  author  suggests  three  thousand  years  for  the 
growth  of  a  radically  separate  set  of  sentient  organs,  our 
incredulity  becomes  absolute  and  irrevocable.  It  would 
be  useless,  however,  to  oppose  the  doctrine  on  such  purely 
a  friori  grounds,  only  efficient  for  those  who  accept  the 
general  hypothesis  of  evolution :  and  we  must  therefore 
seek  to  discover  what  a  posteriori  arguments  can  be  urged 
on  the  other  side,  against  the  philological  evidence  of  Mr. 
Gladstone  and  Dr.  Magnus. 

There  are  two  kinds  of  proof  for  the  universality  of  the 
colour-sense  in  man  which  we  may  olTer  in  opposition. 
The  first  method  consists  in  showing  that  all  human  races 
at  the  present  day,  including  the  lowest  savages,  do 
actually  possess  just  the  same  sense  of  colour  as  our- 
selves: whence  we  may  argue  with  considerable  proba- 
bility that  they  derive  that  sense  from  a  common  ancestor, 
and. that  the  Homeric  Akhaians  were  not  likely  to  be 
destitute  of  perceptions  possessed  by  the  Bushmen,  the 
Australians,  and  the  hill-tribes  of  India.  The  second 
method  consists  in  showing  that  works  of  art  and  other 
remains  of  the  early  historical  races  or  of  pre-historio 
man  yield  evidence  that  the  colour-sense  was  fully 
developed  long  before  the  epoch  of  the  Hiad  or  the  Book 
of  Genesis.  Both  these  methods  of  proof  we  shall  employ 
here. 

In  order  to  discover  what  was  the  present  state  of 
colour-perception  amongst  existing  savage  races,  I  had 
recourse  to  two  ])lans.  In  the  first  place,  I  consulted  a 
large  number  of  works  by  travellers  and  others  respecting 
modern  savages,  and  extracted  all  passages  which  bore 
upon  the  question  at  issue.  And  in  the  second  place,  [ 
supplemented  the  information    thus   obtained  by  direct 
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inquiries  upon  the  subject,  addressed  to  missionaries, 
f;overnraent  officials,  and  other  persons  working  amongst 
the  most  uncivilised  races.  I  printed  a  circular  letter, 
which  I  forwarded  to  various  parts  of  the  world,  requesting 
numbered  answers  to  the  following  questions : — 
"  (i.)  What  is  the  race  to  whom  your  answers  refer  ? 

(2.)  How  many  colours  can  they  distinguish  ? 

(3.)  Can  they  distinguish  between  blue  and  green  ? 

(4.)  Can  they  distinguish  between  blue  and  violet  ? 

(5.)  Can  they  distinguish  any  mixed  or  intermediate 
shades,  such  as  mauve,  lilac,  orange,  and  purple  ? 

(6.)  For  how  many  colours  have  they  names  in  their 
language  ? 

(7.)  Have  they  separate  names  for  green  and  blue  ? 

(8.)  Have  they  separate  names  for  blue  and  violet  ? 

(9.)  How  many  colours  do  they  discriminate  in  the 
rainbow  ? 

(10.)  AVhat    pigments    do    they   employ   in   personal 
decoration  or  in  ornament? 

(11.)  Have  they  a  separate  name  for  each  pigment  ? 

(12.)  Have   they  separate   namtjs   for   any  colour  for 
which  they  have  no  pigment  ? " 

To  these  questions  I  received  a  large  number  of 
courteous  answers,  from  Europe,  Asia,  Africa,  America, 
and  the  Tacific  Islands ;  and  1  may  as  well  say  at  once 
that  they  bore  out  in  xvcry  case  the  supposition  that  the 
colour-sense  is,  as  a  whole,  a1)soIutely  identical  through- 
out all  branches  of  the  human  race.  As  it  would  be 
tedious,  however,  to  print  all  the  answers  in  full,  a? 
numbered,  in  a  tabular  form,  I  shall  givc^  the  whoh? 
evidence  to'-ether,  remarking  in  each  case  whether  mv 
informati(jn  was  derived  from  books  or  from  a  corres- 
pondent. 

I  shall  also  premise  that,  lest  there  should  be  any 
suspicion  that  I  myself  was  deiicient  in  colour-j  erception. 
J  rigorously  tested  my  own  powers  with  all  the  objective 
experiments  I  could  hear  of  or  devise,  including  Dr.  Stil- 
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ling's  Tables  for  the  Examination  of  tlie  Colour-Sense, 
and  many  like  careful  tests.  The  result  proved  beyond 
doubt  that  my  eyes  were  perfectly  normal,  and  possessed 
at  least  quite  the  full  average  faculties  of  colour  dis- 
crimination. 

Probably  nobody  will  deny  that  the  ordinary  European 
nations,  and  the  Chinese,  Japanese,  and  Hindus  in  Asiii, 
have  colour-]ierceptions  identical  with  our  own.  Tiie 
mere  inspection  of  their  works  of  art,  and  especially  of 
tiieir  imitative  paintings,  clearly  shows  that  they  perceive 
and  represent  external  objects  of  the  same  hue  as  our- 
selves. I  shall  therefore  pass  them  over  without  further 
])roof,  and  proceed  to  examine  the  various  lower  races, 
bednning  with  the  most  advanced  among  tl'im,  and 
ending  with  the  most  degraded  of  all. 

The  North  American  Indians,  as  I  can  testify  from 
l»ersonal  exi)erience,  make  use  of  pigments  for  the  three 
so-called  primary  colours,  and  also  for  green,  orange,  and 
l)urple.  ]\ry  father,  Mr.  J.  A.  Allen  of  Kingston,  Ontario, 
who  kindly  undertook  to  distribute  my  circulars  in 
America,  thus  describes  some  Indian  art  products  of  the 
unsophisticated  nortli-western  tribes.  "While  I  write, 
I  have  before  me  some  leggings  and  mocassins,  made  by 
Indians  of  the  far  west — so  far  off  as  to  be  hardly  reached 
by  the  last  outskirts  of  our  civilisation.  In  these,  the 
lines  of  colour  are  never  confused — never  fail  to  corres- 
pond, or  run  into  one  another.  Tlie  leggings  liave  orna- 
ments in  white,  dark  blue  and  pale  blue,  dark  green  and 
pale  green,  and  yellow,  on  a  scarlet  ground  with  a  black 
edge.  There  are  also  on  the  mocassins  pale  blue,  pur])le, 
brown,  green,  pink,  and  solfcrino,  on  a  buff  ground,  with 
a  strip  of  scarlet  binding.  The  pattern  is  strictly  sym- 
metrical: each  colour  being  introduced  at  exactly  the 
same  angle  or  portion  of  the  pattern  throughout — not 
a  confused  mass  of  colours.  Tiiey  M'ere  brouglit  .  .  .  from 
the  Chippewa  Indians,  750  miles  north-west  of  Kingstori." 
Mr.  1*.  B.  Bell  answers  my  questions  with  regard  to  the 
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Ojibways  in  similar  language.  They  can  clearly  distin- 
guish Letwcen  blue  and  green,  and  also  between  blue  and 
violet,  though  they  have  no  distinctive  name  for  the  latter 
colour.  They  have,  however,  no  less  than  seven  different 
colour-names,  including  separate  words  for  green  and 
blue.  Other  correspondents  mention  like  facts  of  other 
tribes.  In  all,  the  power  of  discrimination  seems  quite 
equal  to  our  own,  though  the  nomenclature  generally 
extends  only  to  the  four  or  live  most  markedly  different 
colours — a  point  to  which  we  shall  return  in  a  later 
chapter. 

The  evidence  with  regard  to  the  historical  races  of 
North  and  South  America  is  equally  strong.  The  ancient 
Mexicans  were  famed  for  their  mosaic  of  feather  work, 
and  their  subtle  taste  in  colour  is  praised  by  several  com- 
petent Spanish  authorities.^  I  have  satisfied  myself,  by 
personal  observation  of  Mexican  works  of  art,  that  they 
clearly  distinguished  all  the  colours  mentioned  by  Mr, 
Gladstone.  The  Yucatanese  "  painted  their  bodies  red,"^ 
but  the  children  whom  they  offered  as  victims  to  their 
gods  were  anointed  blue.  Stephens  says  that  their  prin- 
cipal colours  were  red,  green,  yellow,  and  blue;^  while 
Catherwuod  praises  their  harmonious  blending  of  various 
hues.  The  Cliibchas,  we  are  frequently  told,  had  a  special 
taste  for  emeralds  and  other  green  stones,  which  is  scarcely 
consistent  with  the  idea  that  they  could  not  see  their 
colour.'^  The  I'uruvians,  according  to  Garcilasso,  were 
"very  fond  of  vermilion  red;"^  but  they  too  had  a  par- 
ticular f'lney  for  turcpioises.  emeralds,  and  crystals.*'  It 
is  specially  noticed  that  Atahuallpa  wore  a  collar  of  large 
emeralds.     ]\Ir.  Clements  li.  Markham  informs  me  that 


^  Clavigero,  vii.  48,  57,  tt  alii  alibi. 
See  iilso  ik'l[ia,  iv.  69.  In  this  and 
lUiiiiy  otlicr  cases  I  liavc  availed  my- 
self of  the  large  and  careful  collection 
of  instances  in  I\li'.  llerliert  Sjiencer'a 
"  l)eseriptive  Soeiolo^'y,"  wliicli,  liow- 
ever,   I   liave   greully  8Ui)i)leniented, 


when  possible,  from  other  sources,  or 
from  direct  inspection  ofremains. 

'^  Landiv,  Helacio'i,  §  20. 

•'  Yucatan,  vol.  i.,  p   205. 

^  P.  Simon,  p.  256  ;  Urii;uechua,  p. 
52  ;  Piedrahita,  v.  4,  &c. 

''  Garcilasso,  viii.  25. 

6  Ibid.,  viii.  23. 
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the  reruviiiii  languaj,'e  had  separate  words  for  green  and 
blue ;  and  in  one  of  liis  published  works  he  mentions  that 
the  people  "knew  the  secret  of  fixing  the  dyes  of  all 
colours, — ilesh-colour,  yellow,  grey,  blue,  green,  black."  ^ 
Their  pottery  also  receives  high  commendation  as  "re- 
markable for  harmony  of  colour."  So  that,  on  the  whole, 
we  may  credit  all  the  semi-civilised  American  races,  not 
only  with  a  proper  colour-sense,  but  also  with  considerable 
artistic  sensibility. 

Even  of  the  wretched  Fuegians  1  find  it  noticed  that 
red  is  their  favourite  colour,^  and  tliat  they  paint  their 
faces  with  red,  black,  or  white. 

Passing  over  to  Africa,  we  meet  with  evidence  of  a 
similar  sort.  The  Rev.  A.  R.  M.  Wilshere  of  Piobbins 
Island,  ('ape  of  Good  Hope,  obligingly  answered  my 
questions  with  regard  to  four  South  African  tribes, 
Korannas,  Hottentots,  Makatese,  and  IMozambiques.  In 
every  case,  he  found  by  personal  inquiry  that  all  recog- 
nised colours  w'cre  discriminated  in  just  the  same  manner 
as  by  Europeans.  Every  one  of  tli'se  tribes  can  dis- 
tinguisli  betvveen  blue  and  green,  as  well  as  between  blue 
and  violet ;  and  they  possess  names  for  six  separate 
colours,  including  green  and  blue,  but  not  violet ;  yet  as 
they  can  sec  the  latter  colour,  the  deficiency  here  is  simply 
one  of  nomenclature.  In  one  case,  a  Mozambique  had  no 
native  word  for  purple,  which  is  wanting  in  his  own 
language,  but  had  learnt  the  name  in  Dutch,  and  applied 
it  correctly.  ^Mr.  Wilshere  is  of  opinion  that  the  Africans 
he  examined  could  discriminate  just  as  many  colours  in 
the  rainbow  as  he  could  himself. 

A  lady,  whose  name  I  have  no  authority  to  publish, 
gives  me  a  very  clear  account  of  the  Rus  men,  derivetl 
from  immediate  inquiry,  and  marked  by  a  careful  and 
conscientious  accuracy  which  could  not  suiliciently  be 
indicated  without   transcribing  her  letter  in  full.     The 

1  Miiikliiim's  Cieza,  p.  405. 
2  Fitzroy,  Voy.igo  of  tlie  Advtnturi^  and  the  Bear/le,  vol.  ii.  p.  177. 
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nicmLers  of  this  r;icG  can  undoubtedly  distinguish  red, 
yellow,  green,  blue,  violet,  ])urple,  and  orange.  Their 
colour  vocabulary  is  unusually  full;  for  besides  names 
for  the  common  primaries,  "  there  are  also  various  coni- 
])ound  names,  where  the  names  of  two  colours  are  used 
together ;  as  well  as  further  names  for  at  least  five  (and 
l)robably  more)  shades  of  colour ;  —  for  instance,  ivyv 
light  purple,  for  lavender  and  grey,  for  stone-colour,  for 
brownish  green,  and  for  blue  green."  At  a  meeting  of 
the  lioyal  Society  of  Edinburgh,  in  January  1878,  liishoj) 
( /ottcrell,  formerly  of  Grahamstown,  gave  a  similar  account 
of  this  race,  whoso  colour-perception  he  believed  to  be 
([uite  as  acute  as  our  own.  Some  of  their  paintings, 
which  have  been  exhibited  in  this  country,  fully  bear  out 
the  truth  of  botli  statements. 

With  regard  to  the  common  negro  types,  my  own 
observations  made  upon  West  Coast  Africans  in  Jamaicii 
(not  born  in  the  West  Indies,  but  taken  from  Africa 
direct),  convinced  me  that  they  could  perfectly  discrimi- 
nate all  colours  as  well  as  myself.  The  ordinary  negro 
women  possess  the  same  abundant  vocabulary,  as  regards 
the  colours  used  in  dress,  which  distinguishes  their  sex  in 
I'urope.  Nevertheless,  to  make  assurance  doubly  sure, 
I  append  a  few  references  to  their  pigments  aiul  works 
of  art  in  a  native  state.  The  Congo  })eople  paint  them- 
selves with  red  ochre,^  and  the  ^Mandingoes  dye  cloth  blue 
with  indigo.  The  huts  on  the  lower  Niger  are  stained 
blue  and  white.-  The  inland  negroes  dye  their  hair 
bright  blue.  Indeed,  throughout  all  Central,  Western, 
and  Northern  Africa,  where  indigo  exists,  it  appears  to 
form  a  favourite  pigment.  The  Ashantis  use  red,  blue, 
yellow,  and  grcen.^  The  Ihishmcn  paint  themselves  with 
red  ochre,'*  while  among  the  favourite  beads  of  the-  Bechu- 
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*  Tuckey,  Expedition  to  the  Zaire,  ^  15eechain,     Ashauti    and     Gold 
J).  103.  Coast,  p.  147. 

*  Allen  aud  Thomson,    vol.    i.   p.  *  Barrow,  i.  288. 
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uiias,  Ijurclicll  moiitions  li^lit  bliie.^  Otlicr  instances 
raiglit  be  adduced  by  tlie  dozon ;  but  it  will  be  better 
simply  to  refer  tlio  reader  to  ^Ir.  Spencer's  great  collec- 
tion, or  to  any  manufacturer  of  trading  beads. 

The  Kev.  F.  A.  (Jregory  of  Antananarivo  informs  me 
that  the  Miilngasy  people  distinguish  accurately  between 
all  colours,  and  have  separate  names  for  no  less  than 
thirteen  hues. 

Among  the  hill  tribes  of  India,  colour-perception  seems 
to  exist  in  exactly  similar  perfection.  ]\Ir.  Adarji  Jivanji, 
Deputy-Collector  at  Maldha,  answers  my  questions  with 
regard  to  the  Chondras,  Gtimtas,  Dublas,  and  lihils.  These 
aborigines  can  certainly  distinguish  between  blue,  green, 
and  violet,  though  not  possessing  separate  names  for  eacli. 
Other  observers  return  similar  answers  for  the  Nagtis, 
( Tonds,  and  like  lowest  races.  In  every  case,  discrimina- 
tion seems  perfect,  vocabulary  only  being  at  fault.  My 
friend.  Dr.  W.  W.  Hunter,  Director-General  of  Statistics 
for  India,  in  his  ''  Comparative  Dictionary  of  the  Lan- 
<nia<i;es  of  India  and  High  Asia,"  gives  the  words  for 
green,  red,  and  ulack  in  107  Xou-Aryan  dialects,  includ- 
ing tiiose  of  the  Todas,  Khonds,  Uraons,  Kols,  Gonds, 
Santals,  Nagils,  Garos,  and  other  low-type  aborigines.'^ 
There  is  also  abundant  practical  evidence  that  these  races 
discriminate  blue,  which,  according  to  Mr.  Gladstone  and 
Dr.  Magnus,  represents  the  highest  stage  of  colour-percep- 
tion. The  Kukis  dve  cloth  with  indiu'o.^  The  Nagas 
wear  blue  kilts,*  and  cotton  dyed  with  indigo,  as  well  as 
white  cloth,  with  red  and  blue  fringes.^  The  Todas 
embroider  their  mantles  with  blue  thread."  The  Santals 
nso  strips  of  red,  blue,  and   yellow  cloth.     The  Karen- 

1  Southern  Africa,  vol.  ii.  p.  569.  ^  Stewart,  in  Journal  of  the  Asia- 

2  My  thanks  av(Mlue  to  Dr.  Hunter  tic  Society  of  licnyal,  vol.  xxiv.  p, 
f<ir  kindly   forwarding   my    circular    636. 

letters   to   various  Indian   civil  ser-  ■*  Grange,  Ihid.,  viii.  i).  469. 

vants,    amongst    the    least    civilised  »  ]l,i,i.^  p.  613. 

tribes,  and  also  for  kindly  permitting  <5  King,  Journal  of  the  Anthiopo- 

me  to  use  for  reference  his  valuable  logical  Society,  July  1870,  p.  23. 
library  of  works  relating  to  India. 
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Ticc's  of  IJuniiii  WL'iii'  ri'(l  and  Lluo  clotliiii!^'.!  Hciv,  ai;aiii, 
only  tlie  necessary  limit  of  space  prevents  the  ninltiplic  ;i- 
tion  of  instances,  lait  many  liumlreds  could  be  j^iven  if 
re(|nired,  to  exactly  the  same  efTect. 

With  rej^ard  to  the  I'acitiu  Islanders,  my  fullest  in- 
fcjrmatiou  comes  from  the  IJcv.  S.  .1.  Whitniee,  a  mis- 
sionary in  Samoa,  whose  name  is  already  well  known  to 
])hilolo,!L;ists  and  students  of  folk-lore,  as  that  of  a  cand'ul 
and  strictly  scientific  observer.  ^Ir.  Whitniee  considers 
tiiat  tli(!  Samoans  can  "distinguish  all  the  prismatic 
<;olours,  and  nuiuv  of  the  mixed  shades."  Thev  have 
separate  names  for  blue  and  j_;recn,  and  others  for  the 
minor  modilications  of  these  hues,  Thev  have  also  a 
S(!parate  name  for  violet.  They  discriminate  such  inter- 
mt.'diate  or  mixed  colours  as  mauve,  lilac,  orange,  and 
purple  ;  they  use  distinct  terms  for  varieties  of  red  (crim- 
son and  brick  red) ;  and  they  have  a  name  for  chocolate- 
brown.  On  the  whole,  their  nomenclature  seems  some- 
what awkward  and  confused,  but  their  perception  perfect: 
and  as  to  taste,  "1  hey  like  bright  colours,"  says  Mr. 
Whitniee,  "such  as  mauve,  bright  blue,  purple,  magenta, 
(Sic. ;  but  they  do  not  mix  these  in  a  grotesque  manner  in 
their  dress  to  any  great  extent.  .  .  .  Large  showy  patterns 
in  jirints,  &c.,  they  will  not  look  at.  liright  red  is  not 
used  to  any  great  extent,  and  yellow  is  not  at  all  in 
favour."  The  llawaiiaiis  are  equally  discriminative  of 
colour  distinctions,  and  one  whom  1  had  the  opportunity 
of  questioning  showed  (piite  as  acute  sensibility  as  any 
.Kuro]tean.  ^Irs.  Dird  mentions  dresses  of  ])ure  white, 
crimson,  yellow,  orange,  scarlet,  blue,  or  liiiht  green  as 
worn  bv  the  women  \^  and  tlirou'j;hout  her  book  shebcais 
constant  testinujiiv  to  the  universal  feeling  for  colour 
harmony.  I  specially  note  that  she  mentions  "the  use 
<jf  green  for  decorative  imrposes  in  embroidery."  Lord  (!. 
Campbell  remarks  that  the  Admiralty  Islanders  who  came 


'  Fytclic,  liunuii  Tast  ami  Present. 


-  Hawaiian  Archiiiebgo,  p.  21. 
•^  Ibid.,  p.  lOo. 
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on    board    Ww.    (Hinllcnucr  to    be    [)iiiiiUMl    were    (!fiii.'illy 
plc.'iseil  willi  (huibs  of  red  or  of  j^ref-ii  pii^'ineut.'     In  New 
(jiiiiieii,  blue  lines  tire  <Mii|)loyed  f(jr  tHlloohiL;,-  .md  tlu! 
iifitives   i)aint  tlicir  bodies  witli   red,  yellow,  uud  bluek.'' 
Tlio  ])etticoul.s  worn  by  llie  women  on  ;,'ida  diiy.s  are  dyed 
red  and  yreen,  willi  intermediate  bands  of  straw-colour. 
Thu  New  Zeulanders  stain  themselves  with  red  ochre;  but 
I   lind  ear-drops  of  greiai  jade  mentioned  anionj^  their 
favourite  ornaments."'     Their  bhu!  tattoo  marks  are  too 
well  known  to  require  si»(!cial  mention.     As  regards  the 
Malay  Archi])tda'40  generally,  Mr.  Wallace's  vocabularies 
contain  words   for  l)lack,  white,  red,  and  blue  in  thirty- 
three    ^Malayan   languages.      jMr.   \V.   Clillbrd    Palgravo 
mentions  white,  yellow,  red,  green,  and  blue  among  the 
dyes  used  by  the  riiilippine  Islanders.-'''     For  Australia,  [ 
tind  in  a  vocabulary  of  the  Wailwun  language  separate 
words  for  black,  red,  yellow,  green,  and  brown,"  and  several 
accompanying  lists  of  other  dialects,  collected  by  different 
authorities,  show  similar  results.     I  may  add  that  when- 
ever I  have  had  the  opportunity  of  consulting  intelligent 
travellers   upon  this  subject,  they  have  always  at  once 
given  their  opinion  that  the  savages  with  whom  they  wero 
conversant  distinguished  all  colours  perfectly. 

Finally,  even  the  wretched  Andaman  Islanders,  i)ro- 
bably  the  lowest  known  specimens  of  the  humau  .ace, 
daub  their  faces  with  red  and  white.' 

Huch  are  a  few  selected  instances  from  the  mass  of 
evidence  which  might  l)e  adduced  in  favour  of  the  bcdief 
that  all  existing  races  possess  a  fully-developed  colour- 
sense.  I  think  they  will  probably  suflice  to  .show  the 
general  truth  of  our  proposition.     And  if  savages  so  low 


I' 


'  T.og-Lctters  from  the  ChaUcmjer, 


-  Voy.vge  of  tlic  Rattlesnake,  p.  262. 

3  Eiirl's  Paimiuis,  \i.  26. 

*  An;,'."i'.s  Aiistniliii  iind  New  Zcii- 
land,  vol.  i.  p.  327. 

''  Maliiy  Life  in  the  Philippines, 
"  CornhiliMaija7.inc,"Aii2. 1878,1).  157. 


"  .lournnl  of  the  Anthroi)ological 
Institute,  vol.  vii.  No.  3,  p.  246. 

'  St.  John,  "  TransaiitioiiH  of  the 
Ethnolojjical  Society,  New  Series,  v. 
45.  See  also  Colchiooke  in  "  Asiatic 
Researches,"  iv.  390. 
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ns  some  of  these  actually  enjoy  such  liii^li  jiowors  of  dis- 
ci iini:iatioii,  cuii  \V(!  coiisistiiiitly  driiy  tlio  like  to  tlic  ciiily 
Jlobrows  and  Akliaians^  I  have  not  so  lii^li  an  opinion 
us  Mr.  (liadstono  of  the  rude  llonuirie  warriors  or  th(! 
fierce  con([iicrors  of  Lower  Syiia,  but  at  least  I  cannot 
believe  that  they  were  less  advanced  in  siniple  sensuous 
])ercc])tions  th  'ii  the  naked  Tudas  or  the;  wild  half-human 
Andanianese. 

And  li  'W  let  us  "^o  on  to  inquire  whether  we  cannot  find 
abundant  proofs  of  a  hiijhly  evolved  colour-sense  Ion:,' 
before  the  period  to  which  the  criticisms  of  (ieiyer  and 
!Magnus  refer. 

First,  in  our  backward  view  we  will  take  the  case  of 
Kiucveh.  Of  the  enamelled  bricks  du*f  np  in  this  city 
Sir  A.  II.  Layard  says,  "  The  colors  {sie)  have  faded,  but 
were  probably  once  as  bright  as  the  enamels  of  Khorsabad. 
The  outlines  are  white,  and  the  ground  a  pale  blue  and 
olive  green.  The  only  other  color  used  is  a  dull 
yellow."^  In  many  of  these  cases  blue  figures  occur  on  a 
green  ground,  which  clearly  shows  that  the  two  colours 
were  accurately  discriminated.  The  ])igments  consist  of 
an  antimoniate  of  lead  for  the  yellow ;  an  oxide  of  tin  for 
the  white ;  a  copper  for  the  blue ;  and  a  sub-oxide  of 
copper  for  the  red.  Of  Babylonian  bricks  the  sann; 
authority  observes,  "The  principal  colours  are  a  brilliant 
blue,  red,  a  deep  yellow,  white,  and  black."-  The  liev. 
A.  II.  Sayce,  the  distinguished  Assyriologist,  writes  to 
me  as  follows : — "  The  Assyrian  language  .«eems  to  havi! 
had  no  word  for '  green.'  Sometimes  '  green  '  is  re[)resented 
by  urk%i,  '  yellow,'  but  more  commonly  by  'sanm  or  'sthinu 
*  blue'  (like  the  Welsh  c/las).  But  the  enamelled  bricks 
show  that  both  the  colours  blue  and  green  were  known 
and  used."     An  inspection  of  the  existing  remains  in  the 


1    Nineveh  and  liiibylon,  p.  i66.  Monarcihies,"   iii.   jip.   406,  407,  and 

^  For   an    account  of    IJabylonian     Layard'a    "Nineveh   and  Babylon," 
colouiB,   see    IJawlinson's  "Ancient    pi>.  507,  672. 
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Louvre  and  the  liritish  I\Iuseuiu  will  suilicieiitly  prove  ff> 
the  most  scc'i)lieal  that  the  colour-sense  of  the  Assyrians 
was  essentially  identical  with  our  own. 

As  to  the  Iv^yptians,  proof  seems  almost  unnecessary ; 
yet,  for  the  sake  of  formality,  it  must  bo  given.  "Their 
colours."  says  Sir  Gardner  "Wilkinson,  "were  principally 
hlue,  red,  green,  hlack,  yellow,  and  white.  The  red  was 
an  earthy  bole ;  the  yellow  an  iron  ochre ;  tljc  green  was 
(I  inirtin'c  of  a  little  ochre  with  a  pulverulent  glass,  made 
by  vitrifying  the  oxides  of  copper  and  iron  with  sand  and 
soda;  the  blue  w^'ls  a  glass  of  like  composition  vjithont  the 
oc/irrons  aihUtion ;  the  black  was  a  bone  or  ivory  black; 
and  the  white  a  very  pure  chalk. "^  Here  the  words 
winch  I  have  italicLsed  clearly  prove  that  the  difference 
between  blue  and  green  was  perfectly  perceived,  and  that 
pigments  Avere  specially  prepared  to  show  the  two  colours. 
Again,  Sir  Gardner  observes,  "  AVith  the  Egyptians  the 
favourite  combination  of  colour  was  red,  blue,  and  green; 
when  black  was  introduced,  yellow  was  added  to  har- 
monise with  it."  Xor  is  this  all;  for  though  they  had 
few  mixed  colours,  yet  "  purple,  pink,  orange,  and  brown 
are  met  with."  A  modern  author,  speaking  of  their 
ceramic  art,  uses  language  of  even  a  more  decided  kind. 
"  One  finds  in  the  ricli  :?ries  of  the  Louvre,"  says  Jac- 
(piemart,  "pieces  with  Avhite  glaze,  heightened  with 
patterns  incrusted  or  painted  in  black,  blue,  dark  violet, 
green,  and  even  red;  the  green  and  the  copper  blue  blend 
with  cobalt  blue,  black,  brown,  violet  of  manganese,  white, 
and  yellow.  What  proves,  beside,  with  what  certainty 
the  [)otters  operated  these  combinations  is,  that  we  meet 
with  Egyptian  jKncelains  M'here  the  diveise  tints  occupy 
very  confined  spaces,  and  contrast  strongly  the  one  witl» 
the  other;  a  blue  statuette  has  the  face  coloured  with 
golden  yellow ;  dark  blue  bracelets  bear  upon  their  sur- 
face liieroglyphics  in  sky  blue,  or  rice  vci'sa."-     "Here, 

'  Ancient  EgyptiiUia,  ii.  2(fj. 
-  History  of  the  Kovaniic  Ait,  EMjlisli  tvansihUion,  p.  i6^ 
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then,  is  compleLc  science,  oonsununatc  expi'iienci-,  unci 
])iecision  of  execution." 

But  a  few  hours  spent  at  the  British  Museum,  especially 
auionj^st  the  niunnuy-cases,  will  Jo  more  to  convince  the 
reader  of  the  E<,fyptian  colour-sense  than  pa^es  of  quot;i- 
tion.  Among  the  wall-paintings,  too,  1  would  call  parti- 
cular attention  to  those  numbered  170,  177,  180,  181, 
and  many  neighbouring  specimens  of  the  eighteenth  and 
nineteenth  dynasties. 

As  regards  the  date  of  these  coloured  remains,  I  made 
in([uiries  of  Dr.  Birch,  who  kindly  informed  me  that  the 
svsteni  of  colouring  culminated  under  the  two  dynasties 
abovementioned,  and  grew  gradually  debased  thence- 
foi'ward.  Accordingly,  the  Ihiest  specimens  of  Egyptian 
colouration  are  far  anterior  to  the  earliest  conjectural 
date  ever  proposed  for  the  Homei'ic  poems. 

('an  we  go  still  further  back,  to  the  prehistoric  age,  and 
show  by  the  evidence  of  existing  remains  that  even  tiien 
man  possessed  a  developed  colour-jierception  I  I  believe 
that  we  can,  to  some  slight  extent  at  least. 

Of  course,  in  dealing  with  the  art-products  of  the  most 
l)rimitive  period,  we  must  not  expect  to  find  such  un- 
mistakable proofs  as  those  of  pigments  and  paintings 
which  we  meet  with  in  Egypt  anu  Assyria.  If  the  savage 
races  of  the  present  day  were  to  die  out  and  leave  no 
traces  but  those  of  their  scanty  implements,  we  could 
hardly  hope  to  discover  many  marks  of  their  now  un- 
deniable use  of  colour.  The  tattooing,  the  body-paiuts, 
the  strips  of  colouretl  cloth,  the  flowers  and  f(;athers,  all 
would  be  lost  by  decay,  l-^veu  the  rude  decorations  of 
the  pottery  would  probably  fade  by  long  exposure  to 
earth,  rain,  and  air.  The  only  renuiins  which  could 
convey  to  us  some  faint  idea  of  that  love  for  colour  winch 
distinguishes  the  real  savage  would  be  the  few  })erma- 
nently-coloured  implements  of  stone  or  inetul.  I  was 
standing  with  a  friend  one  day  by  the  glass  cases  in  the 
Oxford  Museum  which  contain  the  modern  sas'aue  uten- 
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sils,  when  lie  called  ray  attention  to  a  stone  liatcliet  (I 
think  from  the  Admiralty  Islands),  bound  to  its  -wooden 
liandle  by  a  coil  of  red  and  yellow  cord,  arranged  so  as  to 
form  a  pretty  pattern.  AVe  had  been  talking  upon  this 
very  subject,  and  he  rightly  pointed  out  at  once  that  if 
the  hatchet  were  buried  in  the  earth  for  a  very  short 
period,  the  red  and  yellow  cord  would  decay,  and  no 
mark  of  the  original  assthetic  intention  would  be  left. 
Similarly,  if  we  did  not  learn  from  the  actual  words  of 
Civsar,  and  the  constant  allusions  of  the  Eoman  poets, 
tliat  tlie  ancient  Welsh  stained  their  bodies  blue,  w(! 
should  know  almost  nothing  about  their  sense  of  coloui-. 
The  conditions  under  which  we  find  prehistoric  remains — 
buried  in  barrows,  covered  up  in  alluvium,  sunk  in  lakes, 
or  hidden  in  the  damp  lloor  of  caves — necessarily  preclude 
the  possibility  of  obtaining  any  very  definite  information 
on  this  head.  Still  the  evidence,  such  as  it  is,  distinctly 
favours  the  belief  in  a  normal  colour-sense  amongst  these 
most  primitive  men. 

To  begin  with  the  highest  stratum  of  the  prehistoric 
period,  we  may  put  in  the  evidence  of  Dr.  Sehliemann, 
who  gives  plates  of  red  and  yellow  jMycenean  pottery, 
with  colours  distinctly  brilliant  and  fairly  well  demar- 
cated.^ It  is  true,  no  greens  or  l)lues  appear  upon  thes(! 
vessels,  but  the  reason  for  tliis,  as  we  shall  hereafter  see, 
was  much  more  proljably  due  to  the  lack  of  a  proper  pig- 
ment than,  to  a  deficiency  of  the  colour-sense.  Among 
the  gems  of  IMyceUcT,  agate,  jiorpliyry,  and  greenston(; 
occur,  and  we  can  hardly  doubt  tliat  their  colour  was  their 
chief  recommendation  in  the  eyes  of  the  early  chieftains 
in  whose  uraves  thev  are  discovered.  Amber  and  lai)is 
lazuli  are  also  found,  showing  a  probable  knowledge  of 
yellow  and  blue.  Indeed,  the  mere  fact  that  gold  and 
silver  vessels  are  used,  proves  a  certain  amount  of  colour 
jierception,  for  gold  only  dilFcrs  from  silver  in  its  colour, 

^  Myccntn   and   Tiryns,  iilatcs  A,    11,  C,  and  D.     See  also    "Troy  ami 
its  Kem.iins,"  p.  49. 
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and  could  not  be  discriminated  iu  any  other  "'.vay,  except 
by  clieniical  tests. 

liiit  that  some  at  least  of  the  Bronze  Acre  savatres 
possessed  a  taste  for  blue,  and  employed  it  in  their  arts, 
is  conclusively  shown  by  a  briicelet  from  the  Swiss  lake 
dwellings,  which  lias  a  red  ground,  distinctly  and  prettily 
enamelled  with  yellow  and  blue  bands  in  a  regular 
pattern.i  ]>lue  and  white  glass  beads  also  form  part  of 
tlie  treasure  recovered  from  the  delris  of  these  primaival 
villages.'^ 

Going  back  to  the  Stone  Age,  we  find  similar  evidence, 
though  of  a  scanty  sort.  "  Stones  remarkable  either  for 
their  colour  or  shape,"  says  Dr.  Evans,  "appear  at  all 
times  to  have  attracted  the  attention  of  mankind,  and 
frequently  to  have  served  as  personal  ornaments."^  Among 
the  ordinary  materials  of  stone  weapons  Damour  mentions, 
"  quartz,  agate,  flint,  jasper,  obsidian,  fibrolite,  jade,  chloro- 
melanitc,  amphibolite,  aphanite,  diorite,  saussurite,  and 
staurotide ; "  and  we  can  liardly  fail  to  notice  that  many 
of  these  minerals  are  remarkable  for  their  beauty  of 
colour.  "  In  the  Christy  collection,"  says  Dr.  F<vans  else- 
where, "  is  a  hula  formed  of  a  polished  spherical  red  stone, 
mounted  in  such  a  manner  as  to  show  a  considerable 
portion  of  its  surface,  which  lias  evidently  been  regarded 
as  too  handsome  to  be  entirely  concealed  by  the  leather."'* 
Oanon  Greenwell  found  beads  of  bluish-Lrreen  ylass  in 
barrows  in  Wiltshire.'^  Amber  was  also  found  in  similar 
situations;  and  beads  of  rose-quartz,  belonging  to  the 
Stone  Age,  are  recorded  at  Argenteuil."  Pebbles,  selected 
apparently  for  their  beauty,  are  constant  accompaniments 
of  the  dead,  some  of  them  being  describ(id  as  "sea- 
jtink,"  aiid  "red,"^     IIow  far  back  in  time  these 


green 
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^  Jjcsor  atid  Viivie,  I.c  15cl  Age  ilu 
T.ron/.o  Lacustre  cii  Suisse,  p.  23, 
and  jiliite  iii.  fig.  15. 

*  Ibid.,  jt.  15,  mid  plutc  lii.  fig.  i. 

3  AiK^ioiit  Stoiio  IiiiiilcinontB  of 
Cleat  IJritaiii,  p.  .\22, 


*  Ilml,  p.  373. 

*  I'ritisli  Biirrows,  p.  55. 

*  I'lviuis,  uhi  nupva,  p.  413. 
^  Ibid.,  p.  419. 
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(l('pos)ts  may  rcacli  I  cannot  say;  but  in  one  case  at  least, 
that  of  the  Dardanelles  remains,  I  find  it  distinctly  stated 
that  they  are  of  palajolitliic  age,  "  and  the  most  common 
material  is  red  or  other  coloured  jasper."^  The  Christy 
collection  also  includes  axes  from  I'arbadoes  of  "green- 
stone, mottled  jade,  green  jasper,  and  a  hard  light  green 
slate."2  I  may  add  that  the  stone  implements  in  I~)r. 
Schliemann's  Trojan  collection  at  South  Kensington  from 
all  depths,  though  much  begrimed  by  age,  sho\v  traces  of 
deep  colour  in  many  different  shades.  The  most  conclu- 
siye  of  all  proofs,  hovveyer,  is  the  occurrence  of  ochre  in 
barro\vs.^  And  Dr.  liollestone  informs  me  that  he  has 
constantly  found  lumps  of  ruddle,  doubtless  for  personal 
ornamentation,  laid  by  the  side  of  the  dead.  He  thinks 
the  general  character  of  prehistoric  remains  can  leave  no 
doubt  on  the  mind  of  an  expert  that  primitive  man 
possessed  a  considerable  perception  of  colour. 

Few  and  inconclusive  as  these  facts  undoubtedly  arc, 
they  yet  afford  a  reasonable  presumption  in  favour  of  a 
colour-sense  in  the  earliest  members  of  the  human  race. 
However,  it  will  not  be  necessary  to  base  any  part  of  our 
argument,  as  against  Mr.  Gladstone  and  Dr.  ]\Iagnus.  upon 
so  insecure  a  foundation.  We  may  rest  content  with  the 
cases  of  the  Egyptians  and  the  modern  savages,  haviii" 
the  post-historic  theory  here  on  the  horns  of  a  dilemma 
which  it  cannot  easily  escape.  K,  on  the  one  hand,  we 
put  forward  only  the  case  of  Egypt,  it  might  be  answered 
that  the  development  of  a  colour-sense  is  a  question  of 
relative  culture,  not  of  mere  chronological  order ;  and  if, 
on  the  other  hand,  we  put  forward  only  the  case  of  modern 
savages,  it  might  be  answered  that  the  develo])ment  cf  a 
colour-sense  is  a  question  of  chronological  order,  not  of 
relative  culture;  but  if  we  put  forward  the  two  cases 
together,  it  will  hardly  be  possible   for  any  one  to  shirk 

'  Wilson,  Prehistoric  Man,   vol.  L        '  Greenwoll,    Brilisli   Barrows,    [i. 
I>.  III.  ii3. 

-'  Ibid.,  vol.  i.  p.  123. 
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the  first  difiiciilty  by  answering  us  in  one  way,  and  then 
to  shirk  the  second  difliculty  by  answering  us  in  the  other. 
When  we  examine  tiie  extraneous  arguments  by  whicli 
the  theory  is  supported,  we  find  they  have  very  little  real 
weight.  Thus  it  has  been  suggested  that  colour-blindness 
may  be  a  survival  from  this  earliest  type  of  vision  ;  l)ut- 
when  we  look  a  little  deeper  into  the  question  we  recollect 
that  the  commonest  form  of  colour-blindness  is  that  which 
cannot  discriminate  red  from  green — whereas  red  ought, 
according  to  the  theorv,  to  be  the  most  universallv  dis- 
criminable  of  all — while  it  is  yet  quite  able  to  discriminate 
green  from  blue.  Furthermore,  there  is  good  reason  for 
believing  that  colotir-blindness  is  far  commoner  in  civilised 
communities  than  amongst  savage  tril)es.  According  to 
M.  Favre,  no  less  tlian  3,000,000  persons  in  France  ai-e 
afllicted  witli  this  defect,  while  Stilling  places  the  propor- 
tion in  "Western  Europe  generally  at  5  per  cent.^  On  the 
other  hand,  the  abnormality  appears  to  be  infrequent  or 
unknown  amongst  the  lower  races;  so  Ihuu  it  must  be 
regarded  rather  as  a  disease  of  civilisation  tlian  as  a  sur- 
vival from  the  primitive  state.  Again,  Dr.  INIagnus-  quotes 
Oeiger's  remarks  about  the  dog  and  the  ilower  to  prove 
that  quantitative  consciousness  of  intensity  has  nothing 
to  do  with  qualitative  consciousness  of  kind;  or,  as  Mr. 
Gladstone  puts  it,^  "  that  tiie  dog,  with  his  wonderful 
faculty  of  scent,  has  no  power  of  distinction  between 
smells  which  are  agreeable  and  smells  which  are  offensive." 
lleally,  as  we  have  already  seen,  there  is  no  reason  under 
the  sun  why  a  dog  should  find  the  smell  of  flowers  affect 
him  distinctively  in  any  way;  while  if  we  set  liim  to  track 
a  scent,  crossed  and  recrossed  from  step  to  step  by  a 
liundred  varying  trails,  we  sliall  see  that  he  does  possess 
a  qualitative  sensibility  of  the  very  highest  order.  Ac- 
coi'dingly  the  supposed  analogy  breaks  down  immediately. 


'  ytilling,  Piiifuiig  lies  l''iiibi'ii»in- 
iies,  p.  5. 


-  CiL'schichtliclie  Eiitwickelung  dea 
Fiiibensi lines,  p.  3. 
"*  Tlie  Colour-Sense,  p.  3. 
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Or,  once  move,  to  take  a  tliird  iiistauce,  Mr.  (Jiladstoiic 
speaks  of  tlio  difficulty  experienced  in  distinguishing  blue 
from  green  b^-  candle-light  as  a  trace  of  the  undifferenti- 
ated stage;  but  really  violet  is  quite  easily  discriminated 
under  such  circumstances,  while  it  ought,  if  the  theory  be 
true,  to  be  the  least  discriminable  of  fdl  colours ;  and  as  to 
the  confusion  itself,  it  is  in  fact  objective,  not  subjective, 
depending  upon  the  peculiar  constitution  of  certain  lights 
which  do  not  contain  all  the  prismatic  colours  in  the 
normal  propai'tions  of  sunlight.  One  might  almost  as 
well  argue  that  as  blue  Bengal  fires  make  everything  look 
blue,  therefore  blue  is  probably  the  original  colour  dis- 
criminated by  the  eye. 

Indeed,  the  whole  hypothesis  has  oidy  one  weak  set  of 
facts  to  support  it,  namely,  the  supposed  testimony  of 
language.  Setting  aside  for  the  present  the  possibility 
that  this  testimony  has  been  misinterpreted  (which  I  ho])e 
to  show  in  the  sequel),  it  must  at  least  be  granted  that  the 
negative  evidence  of  language  by  itself  forms  the  most 
untrustworthy  ground  for  such  a  superstructure,  especially 
if  contradicted  by  other  positive  proofs.  I  look  in  vain 
through  the  pages  of  Geiger,  of  Magnus,  and  of  Mr.  Glad- 
stone, for  any  indication  that  pictures,  sculpture,  pottery, 
or  other  art  products  have  been  taken  into  consideration 
at  all.  Every  one  of  these  students  seems  to  liave  sat 
down  in  his  library,  consulting  the  frail  linguistic  authority 
of  the  Vedas,  the  Homeric  poems,  and  the  Hebrew  pro- 
phets ;  but  never  to  have  tested  the  truth  of  the  philolo- 
gical conclusion  by  reference  to  museums  and  art  collec- 
tions, or  even  to  the  works  of  antiquaries  and  explorers. 
])r.  Magnus  argues  a  i^r'wri  as  to  what  the  sensations  of 
the  savage  must  he,  like;  but  he  has  taken  no  pains  to 
inform  himself,  either  by  observation,  inquiry,  or  reading, 
what  they  actually  arc  like.  1  cannot  help  believing  that 
a  little  more  care  and  a  little  more  extended  search  would 
liave  lod  him  to  abandon  his  theory,  based  as  it  is  upon 
the  shifting  sands  of  half-forgotten  languages.     It  nuiy 
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seem  lianlly  worth  while  to  combat  an  opinion  apparently 
so  harmless ;  but  every  error  is  necessarily  productive  of 
evil,  because  it  retards  the  progress  of  discovery ;  and  so 
I  shall  not  apologise  for  the  time  which  I  have  taken  in 
endeavouring  to  overthrow  this  misleading  doctrine. 

Leaving  aside,  tlien,  for  the  present  the  doubtful  evidence 
of  language,  what  is  the  general  conclusion  to  which  we 
are  forced  ?  Man  is  the  descendant  of  an  arboreal  quad- 
rumanous  animal,  of  frugivorous  habits,  who  shared  the 
common  vertebrate  faculty  of  colour-perception,  and  the 
common  frugivorous  taste  for  bright  hues.  From  the 
earliest  period  of  his  separate  development  he  exhibited 
the  ancestral  liking  by  his  fondness  for  red,  green,  and 
yellow  pebbles ;  for  ochreous  earths  and  other  pigments ; 
and  probably  for  iiowers,  feathers,  and  like  natural  objects. 
Long  before  the  dawn  of  history  we  find  him  surrounding 
himself  with  these  a}sthetic  adjuncts ;  and  wherever  we 
see  him  still  in  the  same  early  stage  of  development,  we 
meet  with  the  self-same  coloured  ornaments.  The  earliest 
historical  nations  discriminated  and  employed  in  decora- 
tion every  chief  prismatic  hue,  at  an  age  long  anterior  to 
that  in  which  we  are  asked  to  believe  that  the  colour- 
sense  was  unknown.  Throughout  all  historical  time,  in 
Egypt,  Assyria,  Cliinn,  India,  Peru,  Mexico,  and  Western 
Europe,  colour  has  been  distinguished  and  used  just  as  it 
is  at  the  present  day.  And  over  the  whole  known  world, 
among  the  most  civilised  and  the  most  savage  races  alike, 
the  perception  of  colour  now  appears  to  all  competent 
observers  exactly  identical. 

I'eforo  we  go  on  to  examine  the  philological  question, 
we  shall  find  it  convenient  to  trace  the  aesthetic  purposes 
to  which  colour  has  been  applied  ;  and  we  shall  then  be  in 
a  position  to  judge  why  and  how  far  the  vocabulary  of  the 
early  Akhaians  and  Hebrews  was  deficient  in  terms  ex- 
pressive of  distinctive  hues. 
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CHAPTER    Xir 

TIIK   /ESTIIKTIC   VALUE   OF   C(M.OUR. 

We  have  scon  alreiuly  tlmt  pleasure  results  from  the  un- 
itnpeded  activity  of  a  fully-nurtured  structure,  in  imme- 
diate connection  with  a  sentient  centre,  wlien  not  exces- 
sive in  amount,  nor  surpassing  the  limits  of  easy  repair.^ 
^'Esthetic  pleasure  results  from  sucli  activity  when  directed 
ujjon  objects  remote  from  actual  life-preserving  function.^ 
Accordingly,  the  ajsthetic  pleasure  uf  colour  is  the 
pleasure  felt  in  its  immediate  apprehension  by  the  mind, 
ai)art  from  any  idea  of  advantage  to  be  gained,  as,  fur 
instance,  from  the  acquisition  of  fond.  Even  the  lower 
animals  show  some  siyus  of  a  love  of  C(jlour  for  its  own 
sake,  as  in  the  oft-quoted  cases  of  the  bower-birds  and 
many  monkeys.  More  often,  however,  their  appreciation 
of  colour  is  bound  up  with  the  essential  acts  of  feeding 
and  reproduction,  exhibiting  itself  only  in  its  secondary 
ellects  by  the  genesis  of  flowers,  fruits,  and  bright-hued 
mates.  ]>ut  in  man  the  (esthetic  pleasure  in  colour  be- 
comes strongly  marked,  being  found  amongst  the  very 
lowest  savages,  and  entering  into  every  department  of 
industry  amongst  the  civilised  races.  Erom  the  led  ochre 
and  brilliant  feathers  of  the  naked  Andamanese,  up  to  the 
])aintings  and  decorations  of  Eui'opean  palaces,  we  can 
trace  its  gradual  devehjpment  from  stage  to  stage,  becom- 
ing more  and  more  divorced  from  life-serving  function 
with  every  onward  step,  until  at  last  the  iesthetic  senti- 

'  See  oh  a]),  viii.,  ante. 
"  See  my  "Pliysioloyical  .Kstlietics,"  cliup.  iii.  and  passim. 
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jiieut  claims  to  rank  with  tlio  iiioval  f;;c'liii;^s  among  the 
most  disinterested  elements  of  our  nature. 

The  simplest  aesthetic  feelinti^s  precede  the  more  com- 
]»lex,  and  the  vivider  precede  the  fainter.  Hence  progress 
in  lesthetics  consists  largely  in  the  constantly  increasing 
a])preciation  of  more  and  moie  delicate  forms  of  pleasure, 
coupled  wilh  the  constantly  increasing  sensiliveiuiss  to 
more  and  more  delicate  shades  of  discord  or  unpleasantness. 
The  earliest  leslhetic  objects  to  obtain  notice  will  be  those 
Avhich  most  strongly  excite  the  whole  nervous  organisation; 
the  more  delicate  and  special  stimulants  will  not  be  priz(.>d 
jinlil  a  later  stage  of  evolution.  Thus  children  and  savages 
are  pleased  with  the  mere  coarse  excitement  of  a  drum  or 
a  tom-tom :  onlv  after  careful  training  can  thev  rise  to 
(.'omprehend  the  more  dainty  distinctions  of  melody  and 
harmony.  The  overpowering  perfumes  of  musk  an<l 
ambergris  are  appreciated  long  before  the  delicate  sweet- 
ness of  the  violet  and  the  primrose.  And  in  like  manner, 
the  powerful  stimulation  of  brilliancy  is  sooner  understood 
than  the  milder  stimulation  of  the  analytic  colours. 

]jright  light  affects  all  the  nervous  elements  of  the  eye 
at  once ;  the  various  colours  only  all'ect  one  set  of  elements 
at  a  time.  Whatever  view  we  may  adopt  with  regard  to 
the  mechanism  of  colour-perception,  whether  that  of  Young 
and  Helmholtz,  or  those  of  their  late  critics,  it  is  at  least 
i.'ertain  that  the  direct  total  beam  rouses  a  greater  sum  of 
sensation  in  the  optic  nerve  and  its  connected  centres  than 
is  aroused  by  any  one  of  the  sej^arate  components,  say  for 
cxami)le  the  green  or  the  blue  rays.  Hence  we  iind  that 
brilliancy  seems  to  be  more  prized  by  siivages,  aiul  perha])s 
by  the  lower  aniuuds,  than  pure  colour.  A  few  examples 
will  serve  to  show  the  truth  of  this  ueneralisation. 

Amongst  animals,  passing  over  the  doubtful  cases  of  the 
glow-worm,  the  fire-tlies,  and  the  phosphorescent  species 
generally,  we  have  in  the  attraction  of  most  Hying  insects 
towards  the  flame  a  distinct  proof  of  the  ef'lects  ])rodiiced 
by  brilliancy.     So,  too,  we  know  that  many  of  the  iiigher 
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iininials  sGom  instinctively  drawn  by  tlic  ;^rlow  of  fire;  and 
tli()U,!^fli  they  will  not  api)roacli  it  too  closely,  tliey  show 
decided  signs  of  interest  in  its  bright  glare.  Tiiis  sanu; 
feeling  reaj»[)ears  in  the  savage  love  for  torchlight  dances, 
for  bonfires,  and  for  like  rnde  pyrotechnic  displays  ;  while 
it  reaches  its  culminating  point  in  fire-works,  in  illumina- 
tions, in  (juy  Fawkes  celebrations,  and  in  similar  civilised 
exhibitions  of  coarse  visual  stimulation.  In  every  case  we 
feel  at  once  that  the  {esthetic  pleasure  involved  belongs  to 
the  very  lowest  stratum  of  its  class,  the  stratum  which  we 
Europeans  share  in  the  greatest  degree  with  the  savage 
members  of  our  race.  Children  and  uncultured  adults 
delight  in  the  rude  shocks  of  a  fire-work  exhibition,  but 
sensitive  eyes  and  minds  shrink  from  the  excessive  demand 
upon  optic  nerve  and  brain. 

Reflected  glitter  or  lustre  raidcs  next  in  esthetic  order 
among  the  visual  stimulants.  It  still  exercises  the  whole 
sentient  organ,  but  not  with  such  violence  as  the  pre- 
ceding class.i  Amongst  animals,  the  taste  for  glitter 
is  shown  by  the  attraction  of  fish  towards  a  spoon  or 
other  bright  substance,  by  the  magpie  love  for  secreting 
diamonds  and  jewellery  generally,  and  by  the  common 
practice  of  drawing  down  larks  to  the  reflected  light  of 
a  mirror.  The  objects  collected  by  the  bower-birds  are 
often  lustrous,  such  as  shells  and  smooth  pebbles.  The 
more  beautiful  animals  also  show  a  great  tendency  towards 
iridescence  or  metallic  tints,  which,  though  they  contain 
a  large  element  of  pure  colours,  include  likewise  a  great 
deal  of  mere  direct  refiexion.  Cases  in  point  are  found 
among  beetles,  butterflies,  humming-birds,  sun-birds,  and 
lizards.  Glossiness  frequently  occurs,  apparently  as  a 
sexual  device,  in  the  fur  of  mammals.     Amongst  mankind, 
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'  It  may  be  noticed  in  piissing  that  our  admiration   of  the  milder  brilli- 

our  enjoyment  of  fire-works,  bonfires,  anoy  of  gems  and  crystals  belongs  to 

glow-wormi,  and  fire-flies,  is  mainly  the  day-time,  and  the  recuperative 

confined  to  the  night,  when  we  can  interval  is  gained  by  glancing  rapidly 

recuperate  our  powers  of  vision  dur-  at  other  objects. 
ing  the  intervals  of  darkness  ;  while  ' 
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tlie  love  for  glilturin;^  (iniaiiieiiLs  cerlaiiily  a]i[K.'ar.s  lo  lie 
very  (lec'p-scutod,  and  perhaps  preciulcd  that  for  colctur  as 
ail  icsthcLic  adjunct.  At  any  rate,  teetli,  shells  (espceially 
cowries,  which  are  nat,umllij  polished  l)y  llie  overlapjiiiiu- 
of  the  animals'  bodies),  bones,  Hints,  metals,  and  like 
lustrous  materials,  form  very  common  adornments  of 
savage  or  i)rchist(jric  races.  And  with  ourselves,  tiie  love; 
for  gilding,  for  excessive  polish,  iox  shiny  and  glaring 
materials,  is  a  well-known  symptom  of  had  Uidc — that 
is  to  say,  it  is  recognised  as  belonging  to  the  common  and 
universal  coarse  class  of  pleasures,  not  to  the  more  delicate 
kind  which  ofTers  greater  attractions  to  the  lesthctically 
reiined. 

A  few  more  examples  of  the  taste  for  lustre  may  hero 
be  fittingly  introduced,  as  leading  up  to  the  more  restricted 
aesthetic  pleasure  of  colour.  Shells  and  bones  form  the 
chief  natural  decorations  of  savages,  especially  when 
polished  by  use.  Fossils  of  shiny  texture,  drilled  to  serve 
as  beads,  occur  in  palteolithic  deposits.  Mother-of-pearl 
and  real  pearls  are  always  prized  for  personal  adornment. 
Among  stones,  carnelian,  jade,  jet,  and  crystals  are  in  high 
request.  Long  before  tlie  historic  period,  a  regular  trade 
brought  amber  from  the  Baltic,  or  lapis  la;iuli  from  Persia, 
to  Myccna)  and  Troy.  Professor  liollestone  informs  me 
that  stone  implements  are  found  in  "Western  Europe  of  a 
material  whicli  coidd  not  be  obtained  nearer  than  the 
mountains  of  Central  Asia.  Similarly,  the  common 
hatchets  of  the  West  Indies  were  imported  from  the 
mainland,  the  bright  green  stone  of  which  they  arc  made 
not  being  found  anywhere  in  the  Archipelago.  Our  own 
modern  taste  for  rubies,  diamonds,  sapphires,  and  topazes 
is  dire.ctly  derived  from  the  usage  of  savages.  Ivory, 
tortoise-shell,  Job's-tears.  gru-gru  nuts,  and  other  organic 
products  capable  of  receiving  a  high  polish,  have  always 
been  greatly  prized  by  unsophisticated  aborigines.  ^Marble, 
alabaster,  satinstone,  and  granite  deserve  mention  in  the 
same    connection.      Cocoa-nut   cups,    clubs,  war-canoes, 
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fskuU.s  for  drinkinj,'  ^ubhits,  ami  like  lU'Li.sLic  utcinsils,  in- 
variably i't;(:(,'ivL!  u  j^lossy  .siufaoo.  (Jlass  and  the  art  of 
gla/inj^  polLory  yield  jn-oofs  nf  ilio  samo  universal  tasto. 
Lastly,  the  invcuticHis  of  huMiiK^r,  varnish,  bool-blackint;, 
and  other  artificial  means  for  imparting'  lustre  to  naturally 
dull  surfaces,  derive  their  ori;4in  from  a  similar  souree. 

Jiut  ainoni,'  all  the  lustrous  o])jects  which  attract  the 
Tiasiient  a'stlu'lie  faculty  of  jirimitive  man,  none  are  more 
important  in  their  iinal  elfects  than  metals.  Leavin,i^  out 
of  consideration  as  too  rcMuote  from  our  present  subject 
the  numberless  uses  of  copper,  bronze,  tin,  iron,  and  steel, 
it  will  be  enougli  if  wo  glance  briefly  at  the  employment 
of  silver  and  gold.  These  had  at  lirst  no  other  recom- 
mendation than  their  immediate  beauty,  and  they  were 
collected  for  the  manufacture  of  i^oblots,  masks,  torques, 
beads,  earrings,  and  articles  of  personal  adornment.  ]>ut 
in  the  course  of  time  they  became  utilised  as  a  medium 
of  exchange,  owing  both  to  the  general  rec^uest  in  which 
tiiey  were  held,  and  to  the  ease  with  which  they  could  be 
divided  and  reunited.  Hence  at  the  present  day  mankind 
still  carries  on  its  commerce  by  bartering  goods  against 
the  very  self-same  bits  of  shiny  white  or  yellow  metal 
which  once  hung  round  the  naked  necks  of  African, 
American,  and  prehistoric  chieftains. 

Passing  on  from  the  general  stimulation  of  the  total 
light-beam,  direct  or  reflected,  to  the  partial  stimulation 
of  its  various  components — the  analytic  colours — we  have 
ne.xt  to  imjuire,  Has  rny  one  colour  a  decided  a)sthetic 
su])eriority  over  any  other  ?  The  answer  must  distinctly 
be,  Yes.  The  red  and  orange  end  of  the  spectrum  is 
decidedly  the  most  ])leasurable  :  while  the  central  colours, 
green  and  blue,  are  decidedly  tlu;  least  so.^ 

JNIiiny  separate  rea^Jons  conduce  to  this  effect.  In  the 
first  place,  we  have  already  seen  that  greens  and  blues  are 


^  I  have  (liscovereil  exiierimcntiilly  that  of  colour  ;  .ind  tliat  Jvmongst 
that  infants  resiiond  to  tlic  stiniula-  colours,  red  is  tlio  first  to  attraci 
tion  of  light  bffort'  thoy  lesj  oml  to     tlieir  attention. 
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by  far  the;  ('(iniiiioncst  colours  in  nature,  briii^'  those  <if 
tlie  whole  j;i ass-clad  Holds,  forest  stretches,  and  wide; 
oc(!an  below,  and  also  of  the  great  open  sky  overheail. 
On  the  other  hand,  red  and  orange  are  by  far  tlie  most 
unusual  lines,  being,  practically  siit-aking,  unknown  in  the 
ordinary  inorganic  environment,  and  only  found  in  a  few 
minor  parts  of  animal  or  vegetal  organisms.  Jltuiee  the 
structuies  in  our  eyes  whi(di  are  pcu'cipient  of  red,  ar(!  far 
less  frequently  exercised  tiian  those  whicii  are  percipient 
of  green  and  blue.l  So  it  will  folhjw  that  they  are  gene- 
rally in  that  highly  unstable  and  fully-nurtured  state  in 
which  they  are  capable  of  ])leasurable  stimulation.  The 
structures  for  the  perception  of  green  and  blue,  on  the 
contrary,  being  habitually  stimulated  to  the  proper  extent, 
<lo  not  yield  any  specially  agreeable  feelings  under  ordi- 
nary circumstances. 

Again,  the  luminous  intensity  of  red,  orange,  and 
yellow  is  considerably  greater  than  i^iat  of  green,  blue, 
and  violet.  Hence  their  stimulating  powers  may  be 
jdausibly  considered  as  greater  than  those  of  the  less 
luminous  colours.  I  am  glad  to  be  able  to  state  that  1 
owe  this  suggestion  to  Dr.  Magnus  and  Mr.  Gladstone. 
Jt  is,  doubtless,  to  their  higher  luminous  qualities  that 
the  red  and  orange  rays  owe  that  pungency  and  strength 
which  is  one  of  their  distinguishing  characteristics.  Tiiey 
may  be  consitlered  to  a])proach  nearest  in  this  respect  to 
the  brilliancv  of  direct  total  litiiit. 


'  Some  of  tlie  critics  who  kindly 
iiDticcil  my  work  on  "  I'liysioloyiciil 
yliHtlietics,"  Ht'i'in  to  have  supjjosod 
iiiat  the  truth  of  tliis  result  would 
(lepcjul  uiiou  our  uccniitaiicu  of 
Young's  theory  of  colour-iicrcciition, 
with  which  it  wiis  tiiere  alliliiited. 
Such,  however,  is  not  neccssiirily  the 
case.  Wiuitever  may  be  the  ultimate 
mechanism  of  the  nerve  termimils 
for  the  receiition  of  colour-stimula- 
tion (see  an  able  paju'r  by  Mr.  (J. 
Stanley  Hall,  in  the  "Proceedings  of 
the  American  Academy  of  Arts  and 


Sciences,"  vol.  xiii.  p.  402,  of  whirh 
I  have  given  an  abstract  in  "Mind," 
for  January  1879),  it  must  at  least  be 
allowed  that  the  centres  percipient 
of  red  cannot  be  tlie  same  as  the 
centres  percipient  of  green  and  blui;. 
Accordingly,  they  must  bo  usually  in 
a  comparatively  liigh  state  of  nutri- 
tion, fitted  for  tlie  production  of 
])leasurable  sensations.  In  fact,  the 
conclusion  rests  upon  the  general 
conditions  of  sensibility,  and  is  (niite 
ii'.dei)eiident  of  any  particular  theory 
of  vision. 


1  ' 


li-' 


'   \ 


1      I 


•     V  t 


*ii. 


lit  f 


t    I 


228 


7'//E  COLOUR-SENS r.. 


n 


\i  *■ 


But  aLove  oitlicv  of  these  causes  we  may  place,  I  tliinlc, 
the  hereditary  tendency  of  the  human  eye,  derived  from 
our  early  frugivorous  ancestors.  Eed,  orange,  and  yellow 
are  the  common  hues  by  wliich  fruits  may  be  distin- 
guished from  the  surrounding  masses  of  green  foliage. 
Accordingly,  the  eyes  of  frugivorous  animals  must  be  con  - 
tinually  on  the  alei't  for  such  colours;  and  the  organs  for 
their  perception,  besides  being  immediately  strengthened, 
must  also  gaia  numerous  connections  Avith  other  nervous 
centres,  which  Avill  permit  the  escape  of  comparatively 
voluminous  emotional  waves.  I  do  not  mean  that  the.-:e 
colours  will  come  to  be  intellectually  associated  with  the 
pursuit  of  food,  for  although  such  is  doubtless  the  case, 
that  fact  would  not  in  itself  suffice  to  account  for  the 
pleasure  arou?..  xl ;  but  I  mean  that  the  increased  calibre 
of  the  nervous  organs  thus  exercised,  and  the  number  of 
additional  channels  tlius  provided  for  the  overflowing 
nervous  energy,  would  conspire  to  produce  a  direct  and 
immediate  sensuous  pleasure.  This  pleasure  would  result 
from  the  r./^re  act  of  perceiving  red,  not  from  the  mediate 
recognition  of  red  as  a  symbol  of  food. 

From  the  combination  of  these  three  causes,  it  happens 
tiiat  the  sensation  of  red  or  orange  is  the  most  agreeable 
of  all  the  i)ure  colour-perceptions.  And  as  the  earliest 
and  least  tcsthetically  developed  races  pay  attention  only 
to  the  strongest  stimulants,  leaving  out  of  consideration 
the  more  delicate,  we  may  say  roughly  that  amongst  all 
savage  tribes  red  is  par  excellence,  and  above  all  others  tlic, 
dtcorative  colour.  J)r.  Magnus  has  noted  this  fact,  and 
uses  it  as  an  argument  in  favour  of  his  theory  that  red 
formed  the  first  part  of  the  visible  spectrum  to  be  sepa- 
rately cognised  by  the  hunuin  eye.  JMr.  Gladstone  speaks 
of  "  'the  prominence  whicli  that  colour  acquired  both  in 
the  initial  stages  of  the  painter's  art,  and  in  the  costumes 
of  high  personages.  It  had,  as  it  were,  got  a  start,  and  iiad 
the  first  possession  of  the  ground,  which,  in  costume  par- 
ticularly, it  has  retained.     But,"  continues  tb.e  author,  and 
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liere  I  am  pleased  tliat  I  can  thorouglily  agree  with  liini, 
"  we  must  remeiuber  that,  in  public  exhibition  and  cere- 
monial, it  is,  from  its  luminous  character,  highly  satisfac- 
tory to  the  eye."  Of  course,  we  must  further  remembiir 
tliat  red  forms  the  favourite  colour,  not  only  of  primitive 
man  and  of  modern  savages,  but  also  of  the  young  and 
tlie  coarse-natured  among  our  European  nations.  Tlu; 
Central  African  is  bribed  witli  yards  of  red  calico;  tlie 
West  Indian  negress  adorns  herself  in  a  red  turban ;  the 
baby  in  its  cradle  jumps  at  a  bunch  of  red  rags  ;  the 
London  servant-maid  trims  her  cap  with  scarlet  ribuons, 
«ind  admires  the  soldier's  coat  as  the  most  beautiful  of 
human  costumes. 

But  there  exists  yet  another  and  more  mechanical  rea^•.on 
why  red  came  early  into  favour  for  decorative  purposes. 
Of  all  primitive  pigments,  by  far  the  commonest  and  easiest 
to  obtain  are  oclireous  earths.  Blue  dye  can  only  be  ex- 
tracted in  an  early  culture  from  certain  vegetal  substances, 
which  require  comparatively  advanced  skill  for  their  pro- 
duction ;  while  greens  are  chiefly  obtained  from  minerals 
of  rare  occurrcmce.  But  red  earths  may  be  found  almost 
everywhere,  and  the  method  of  their  applicatior  is  as 
simple  as  the  ruddling  of  sheep.  Hence  we  find  tri.jcs  of 
the  use  of  ochre  where  scarcely  any  other  pigments  are 
known.  Lumps  of  red  clay  lie  beside  the  prehistoric 
dead  in  their  rmle  barrows  ;  and  red  stains  for  the  body 
compose  tlie  chi^f  decoration  of  modern  savages.  Ahnost 
everywhere  that  we  find  mention  of  red  pigment  amongst 
uncivilised  races,  inquiry  shows  that  ochre  is  the  material 
from  which  it  is  obtained.  Thus  the  New  ZealaiuU'rs 
paint  their  skins  red — with  ochre ;  the  Bushmen  in  like 
manner  redden  their  bodies — with  ochre ;  the  people  of 
the  Congo  do  the  same — with  ochre.  Of  the  Australians, 
the  Tasmanians,  the  Fuegians,  the  Tannese,  tlic  Andaman 
Islanders,  I  see  it  similarly  mentioned  that  they  emph)y 
nclire  for  their  personal  decoration.  So,  too,  in  higher  arts, 
the  red  and  vellow  of  the  Trojan  and  Mvcenean  ootterv 
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;iie  clay  colours.  Tlie  Ej^yptian  red,  as  Ave  have  already 
seen,  was  "  an  earthy  bole,"  and  the  yelloAv  "  an  iron  ochro." 
PiVeu  among  ourselves  ruddle  still  performs  many  useful 
functions,  and  ranks  as  the  simplest  and  easiest  means  of 
making  distinguishing  marks  on  animals,  sacks,  and  other 
rural  objects. 

Occasionally  the  origin  of  the  red  pigment  is  slightly 
different.  The  Samoans,  I  learn  from  Mr,  Whitmee,  use 
a  volcanic  earth  for  this  purpose;  the  Assyrian  red, 
according  to  Sir  A,  Layard,  was  a  sub-oxide  of  copper; 
and  Mr,  E.  S.  JMorse  records  the  discovery,  in  prehistoric 
sliell-heaps  at  Omori  in  Japan,  of  pottery  coloured  crimson 
with  cinnabar.^  But  whatever  the  material  employed,  we 
always  see  that  the  red  end  of  the  spectrum  possessed  and 
still  possesses  peculiar  attractions  for  undeveloped  {esthetic 
tastes. 

Besides  the  employment  of  red  for  {esthetic  purposes  in 
the  shape  of  pigment,  we  may  also  note  its  use  in  other 
shapes.  For  example,  there  is  the  case  of  the  red  pebbles 
and  the  pretty  polished  hola  mentioned  above.^  The  Mexi- 
cans used  orange  feathers  for  many  decorative  appliances ; 
and  the  well-known  cloaks  of  the  HaAvaiinn  kings  were 
coniposed  of  the  beautifrl  plumage  of  Mdithreptes  pacijica 
(note  the  luime — as  might  be  expected,  a  honey-feedei). 
The  crimson  hibiscus  is  a  favourite  flower  amongst  the 
West  Indian  negroes,  whose  huts  may  generally  be  descried 
.'it  some  distance  by  means  of  its  massive  blossoms.  And 
I  find  the  same  brilliant  flower  twice  mentioned  by  Lord 
George  Campbell  as  a  decoration  of  the  person,  once  in  th(? 
case  of  a  girl  at  Kandavu,  Fiji,  and  again  in  the  wigs  of 
the  savagii  Papuans  at  Humboldt  Bay,^ 


Ul 


'  Xatuie,  Nov.  29,  1877. 

-  In  this  chapter,  where  I  am  pre- 
.senting  the  facts  in  a  slip;htly  different 
point  of  view,  I  am  coniiielled  un- 
avoidably to  repeat  some  of  the  in- 
.stnnccs  given  in  the  preceding  one, 
for  which  repetition  I  trust  the  reader 


will  forgive  me.  IJiit  whenever  a  re- 
ference lias  already  l)een  appended,  I 
do  not  think  it  necessary  to  repeat  it 
here, 

■'  liOtj-liOttcrs  from  tho  Cliallcxijer, 
pp.  150-2.19. 
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■  Noxt  to  red  (with  which  must  be  iiichided  orange  and 
yellow)  in  the  order  of  aistlietic  appreciation  comes  blue. 
This  colour  is  comparatively  common  in  nature,  being  the 
hue  of  the  clear  sky  (in  a  few  rare  conditions  only,  for  the 
sky  of  cloudy  countries  is  whity-grey,  and  that  of  the 
tropics  ah  indefinite  haze),  as  well  as  of  the  enclosed  sea 
in  bays.^  Moreover,  it  is  wanting  in  luminous  intensity, 
and  is  therefore  very  far  from  being  a  pungent  colour. 
However,  in  the  third  factor  of  aesthetic  effectiveness,  the 
hereditary  tendency  of  humanity,  blue  is  doubtless  com- 
paratively strong;  for  a  large  number  of  fruits  have  a 
more  or  less  bluish  or  purplish  tinge.  Accordingly,  it 
ranks  second  in  development  amongst  the  favourite  colours 
of  mankind.  Wherever  only  two  hues  are  employed  in 
decoration,  those  hues  are  generally  red  and  blue.  Indeed, 
if  we  use  at  random  two  words  a:  'gumming  up  the  totality 
of  our  colour-tastes,  those  two  words  will  be  red  and  blue. 
Yellow  is  ;rsthetically  a  mere  species  of  red,  while  green 
has  very  little  pleasurable  ell'ect,  except  to  highly-cultivated 
eyes. 

Accordingly,  wherever  a  blue  pigment  exists  in  an  ac- 
cessible form,  the  use  of  blue  is  common.  We  liave  seen 
already  that  blue  enamel,  blue  glass  beads,  and  blue  lapis 
lazuli  occur  in  prehistoric  remains ;  but  tlie  want  of  a 
proper  dye  seems  generally  to  have  prevented  its  popular 
use.  Thus,  while  the  Egyptians  and  Assyrians  employed 
it  abundantly,  no  trace  of  it  occurs  upon  the  Trojan  or 
Mycenean  pottery.  But  the  ancient  Welsh  stained  their 
bodies  with  woad,  and  all  the  Polynesian  races  tattoo 
themselves  in  blue  lines.  Many  of  the  lowest  Indian  hill 
tribes — Kukis,  Niigtis,  Todas,  and  Santals — use  indigo  for 
dyeing  cloth.  The  same  dye  is  also  widely  employed 
tliroughout  Central  Africa.     The  bluish  purple  Bougaiu- 


'  I  know  no  conuiionor  instance  of  sen  are  blue.     It  is  only  true,  when 

W\f  iniiccuijicy  of  ordinary  liinguiigo  ciucfiilly  testeil,  in  about  one  experi- 

vvitli  rcj^anl  to  colour  thiin  tho  fanii-  ence  out  of  fourteen, 
liiir  stutcnient  that  the  sicy  and  the 
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villea  almost  vies  with  tlie  crimson  hibiscus  in  tlie  favour 
of  savages;  and  Bonwick  mentions  by  name  white,  red, 
and  blue  si^ecies  of  flowers  used  by  the  Tasmanians  in 
personal  decoration.^ 

Green  appears  to  me  the  least  effective  aesthetically  of 
all  colours :  I  mean,  of  course,  to  the  ordinaiy  mass  of 
mankind,  for  it  must  be  remembered  that  the  cultivated 
taste  generally  gives  a  verdict  exactly  opposed  to  that  of 
the  multitude.  It  is  the  commonest  of  all  colours  in  the 
natural  environment  of  man;  it  has  but  little  luminons 
intensity;  audit  is  not  connected  hereditarily  with  any 
special  function.  Accordingly,  I  fiiid  it  seldom  mentioned 
among  the  decorative  colours  employed  by  savage  tribes, 
and  even  then  it  is  usually  introduced  as  a  contrast  to 
red.  While  the  Santals  wear  strips  of  red,  blue,  and 
yellow  cloth ;  while  the  Xiigas  dress  in  white  cotton  with 
red  and  blue  fringes ;  I  do  not  meet  with  anv  mention  of 
green  dyes  among  the  ludian  hill  tribes.  And  this  is  very 
natural  if  we  recollect  that,  amid  their  green  leafy  sur- 
roundings, it  would  yield  very  little  contrast  and  possess 
very  little  lecorative  value.  However,  as  we  mount  in  the 
scale,  we  find  that  the  women  of  New  Guinea  dye  their 
petticoats  red  and  green,  with  intermediate  strips  of 
yellow ;  while  tlie  Ashantis  employ  all  four  decorative 
colours,  red,  blue,  yellow,  and  green.  Of  course,  with  the 
Mexicans,  Peruvians,  Egyptians,  and  Assyrians,  all  these 
colours  were  in  common  use,  and  green  was  raised  to  a. 
place  of  equal  importance  with  red  and  blue. 

Yet,  as  a  rule,  where  green  rises  to  the  position  of  a 
decorative  colour,  1  am  inclined  to  think  that  we  can 
usually  trncc  a  special  reason  in  the  circumstances  of  the 
particular  race.  Green  forms  the  opposite  pole  from  red, 
in  that  red  is  the  pungent  and  stimulative  colour,  while 
green  is  the  restful  and  reparative  colour.  Owiiig  to  the 
large  amount  of  gi'cen  in   the  natural  environment,  our 


^  Diiily  Life  of  the  Tusnianians,  p.  27. 
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eyes  appear  to  be  adapted  for  continuous  languid  stimula- 
tion by  that  gentle  excitant,  which  forms  the  mean  of  tlic 
total  spGctrnm.  On  the  other  hand,  owing  to  the  ancestral 
liabits  of  our  race,  our  eyes  appear  to  be  adapted  for  sudden 
and  pleasurable  excitation  by  red,  -which  rapidly  glides  into 
fatigue.  Accordingly,  we  desiderate  green  as  a  relief.  In 
the  normal  circumstances  of  humanitv,  surrounded  bv 
trees  and  fields,  this  relief  is  abundantly  present,  lint 
in  the  civilised  cities,  with  their  greys  and  stone-blues, 
green  does  not  occur  with  sufficient  frequency,  and  hence 
it  is  hailed  as  a  fresh  and  pleasant  change.  Added  to 
which,  it  is  joined  in  the  civilised  mind  with  various 
associated  emo^^ions,  either  actually  felt  or  dimly  sug- 
gested. And  as  its  pleasure  is  the  least  directly  stimuLit- 
ing,  the  most  gentle  and  modest  of  all,  it  naturally  ranks 
highest  of  any  colour  in  the  hierarchy  of  the  assthetically 
cultivated. 

Now,  it  would  se^m  as  though  the  use  of  green  in 
decoration  were  almost  exclusively  confined  to  those 
people  who  live  an  indoor  life.  It  is  among  the  civilised 
or  semi-civilised  nations  that  we  see  it  must  employed ; 
and  where  it  is  found  in  the  case  of  savages  (as  the 
Samoans  and  Ilawaiians)  it  has  generally  been  introduced 
from  Europe  or  America.  IMoreover,  it  seems  to  be  in 
special  favour  among  the  Persians ;  ^  and  it  may  perhaps 
be  suggested  that  Persia  is  a  peculiarly  arid  country,  where 
green  is  decidedly  wanting  in  the  landscape.  It  also  ranks 
high  atnong  the  Arabs,  and  among  nuany  inhabitants  of 
cold  clinuites.  Those  who  have  seen  a  Canadian  ChrisLn)as, 
with  its  monotonous  lield  of  snow  outside,  and  its  gay 
decorations  of  evergreens  and  red  berries  indoors,  will 
thoroughly  understand  the  rationale  of  this  preference. 

To  the  last,  the  use  of  green  remains  chicily  sui)p]e- 
nicntary.  It  is  employed  in  boucpiets  as  a  relief,  and 
in   decorations  as  an  element  with  red  and  blue ;    but 


'1:' 


••  Von  IJezold,  Tlicor.v  of  Colour.  Aniericnn  tiiiiishition,  pp.  212,  215. 
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by  itself  it  must  be  regarded  as  the  least  efficient  of  all 
colours. 

It  should  be  added,  however,  that  from  the  beginning 
green  seems  to  have  been  prized  in  such  permanent  forms 
as  jewels  or  stones.  Sea-green  pebbles  are  mentioned 
among  those  buried  in  the  barrows :  and  jade  ranks  as  one 
of  the  commonest  materials  for  polished  hatchets.  Green- 
stone, green  jasper,  and  light  green  slate  are  also  frequently 
employed  for  like  purposes ;  and  emeralds,  malachite,  or 
other  similar  minerals,  have  been  universally  prized  for 
their  beauty.  The  Central  American  and  South  American 
Indians  seem  to  have  had  an  extraordinary  taste  for  green 
jewels,  for  which  I  confess  I  can  see  no  sufficient  reason. 
l*erhaps  it  may  have  depended  simply  upon  an  accidental 
frequency  of  such  stones  in  that  tract  of  country.  How- 
ever, an  explanation  is  here  certainly  desirable. 

On  the  other  hand,  children  and  savages  take  little 
notice  of  vegetal  greens,  and  usuall}  arrange  red  and  blue 
(lowers  entirely  by  themselves,  without  that  admixture  of 
relieving  foliage  which  a  more  reiined  taste  imperatively 
demands. 

As  regards  the  various  mixed  or  intermediate  colours — 
purple,  orange,  lilac,  mauve,  and  so  forth — their  effective- 
ness depends  mainly  upon  their  similarity  to  red  on  the 
one  hand  or  blue  on  the  other.  In  proportion  as  they 
approach  green  they  are  less  and  less  pleasurable  :  while, 
of  course,  those  of  the  red  end  are,  on  the  whole,  greater 
favourites  than  those  of  the  violet.  Purple  forms  an 
intermediate  term,  being  brilliant  in  the  exact  ratio  of  the 
red  rays  which  it  contains.  Of  course,  among  civilised 
people,  such  colours  possess  the  additional  charm  of 
novelty  and  variety. 

A  few  more  words  njust  be  added  as  to  the  mode  in 
which  the  various  colours  are  used.  In  the  earliest  stage 
they  are  merely  daubed  on  in  isolation,  as  by  the  Anda- 
manese  who  plasters  his  head  with  ochre,  or  the  ancient 
Welsh  who  stained  their  bodies   with   woad.      A    littlo 
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liigUer  up  in  the  scale,  the  colours  are  used  in  bars  or 
strips,  of  violent  contrast.  Black,  white,  and  retl  are  the 
favourite  pigments,  each  being  well  pronounced  and 
standing  out  boldly  against  its  neighbour.  Then  conies 
the  addition  of  blue,  and  finally  that  of  green.  Above 
this  level  we  find  the  employment  of  intermediate  hues, 
such  as  yellow,  orange,  and  pink.  Last  of  all,  the  colours 
are  mixed  in  shades  of  varying  intensity,  and  we  get 
the  whole  wealth  of  the  entire  spectrum,  as  in  modern 
European  art. 

Again,  the  variety  of  form  gives  another  element  of 
evolution,  into  which,  however,  it  would  be  improper  to 
enter  in  the  present  volume,  restricted  as  it  is  to  the  exa- 
mination of  the  simple  colour-sense.  Here  it  must  suf- 
lice  briefly  to  point  out  the  upward  movement  from  the 
simple  bars  or  strips  of  the  savage,  through  the  graceful 
curve  lines  of  the  Polynesians,  to  the  arabesques  and 
decorative  harmonies  of  the  Moors;  or  from  the  red  and 
yellow  imitative  figures  of  the  Hawaiians,  through  the 
bright  primary  wall-paintings  of  the  ]*]gyptians,  to  the 
landscapes  and  the  figure-pieces  which  adorn  the  walls  of 
our  Salons  and  our  Academies. 

Both  these  lines  of  evolution,  however,  suggest  a  further 
consideration  of  great  importance.  While  primitive  man 
cares  only  for  the  pungent  and  brilliant  stinndation  of  tlu) 
primary  colours,  in  all  their  fullest  intensity  of  light,  and 
pays  little  attention  to  their  darker  shades  or  duller  mix- 
tures, the  iesthetically  cultivated  ha\  e  learnt  to  notice  and 
appreciate  the  fainter  pleasures  which  arise  from  these 
slighter  and  more  delicate  stimulations.  They  are  thus 
enabled  to  vary  and  enlarge  their  means  of  visual  grati- 
fication, and  to  dispose  their  various-coloured  objects  in 
far  more  numerous  and  more  subtle  combinations.  While 
the  Australian  knows  only  two  or  three  invariable 
arrangements  of  red,  black,  and  white,  the  civilised 
decorator  is  able  to  ring  the  changes  perpetnnlly 
upon    ever-varying    harmonies    and    contrasts  of   faint 
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yellows,  pale  blues,  rich  purple-greys,  and  dark  olive- 
greens.  r>y  artfully  devising  here  a  stimulation,  there  a 
relief,  here  a  mass  of  comparatively  brilliant  pungency, 
there  a  field  of  mild  retiring  neutral  tints,  he  succeeds  in 
sustaining  and  recruiting  the  sensuous  pleasure  of  colour 
from  moment  to  moment,  without  ever  causing  us  fatijrue 
or  overtaxing  a  single  sentient  structure. 

And  now  we  must  pass  on  to  a  second  point  of  view, 
that  of  the  objects  which  are  employed  for  the  aesthetic 
gratification  of  the  colour-sense.  Those,  on  the  whole, 
afford  a  strong  confirmation  of  the  iheovy  with  regard  to 
the  origin  of  our  costhoLic  feeling  which  is  here  advocated, 
as  the  greater  part  of  them  consist  of  tlie  very  objects 
which  owe  thf.'ir  development  to  the  colour-sense  of 
animals. 

Fruits  themselves,  though  their  uLilit'irian  associations 
prevent  them  from  standir..;  in  the  front  rank  of  iDsthetic 
objects,  are  yet  undoubtedly  beautiful  in  colour  and 
fchape.  And  when  we  survey  them  amid  their  oiative 
boughs,  few  lovelier  sights  can  be  found  than  the  brighter 
and  prettier  among  them.  An  orange  tree  laden  wath  its 
golden  spheres,  an  apple  orchard  weighed  down  with  its 
ruddy  pippins,  a  holly-bush  covered  with  its  crimson  berries, 
are  some  of  the  most  e.^'juisito  pictorial  sights  which  can 
be  seen  on  earth.  Especially  aesthetic  do  fruits  become, 
when,  as  in  the  case  of  the  rowan,  the  spindle-tree,  and 
the  solanum,  they  are  incapable  of  being  used  as  food,  and 
so  can  only  min'ster  to  the  pure  pleasure  of  sight.  In 
most  instances,  however,  the  beauty  of  fruits  falls  a  little 
short  of  the  esthetic  limit  in  tlie  actuality,  at  least  when 
they  have  been  picked  and  are  ready  for  table.  Yet  evon 
so,  when  dc-orated  with  green  loaves,  and  interspersed 
with  llowers,  tlieir  falling  short  is  very  slight  indeed,  if 
not  purely  hypercritical,  But  as  objects  of  pictorial 
•niitation  they  have  always  been  in  high  favour;  while 
they  enter  largely  into  the  composition  of  poetry,  as  ideal 
stimulants  of  ti3sthetic  feeling.  , 
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•  Nevertheless,  it  sliould  be  noted  that  fniils  in  the 
actuality  arc  closely  allied  "svith  the  frugivorons  instincts 
of  our  race,  and  that  tho  origin  of  our  whole  taste  for 
colour  may  still  be  clearly  descried  in  the  imprint  M'liicU 
they  have  left  upon  our  minds.  Every  child  naturally 
])uts  a  bright-coloured  berry  into  its  mouth;  and  it  is 
difficult  to  keep  the  hands  of  urchins  off  the  scarlet 
clusters  of  the  arum  or  the  brilliant  crimson  fruits  of 
the  yam.  Even  babies  automatically  strive  to  place 
every  bright  object  which  they  see  between  their  lips  ; 
and  the  sweetmeats  which  are  manufactured  for  their 
pleasure  bear  attractive  strips  of  reel,  blue,  and  yellow 
colouring.  These  and  fifty  other  minor  indications  show 
ns  from  moment  to  moment  that  the  developed  love  for 
colour  is  a  transference  of  feeling  from  its  original  alliance 
with  the  connnon  food-stuffs  of  the  species. 

The  iesthetic  pre-eminence  of  flowers  has  never  been 
doubted.  In  the  actuality  they  form  the  commonest 
decoration  of  the  savage  home  and  the  civilised  garden,  of 
the  labourer's  cottage  and  the  royal  palace.  In  imitation, 
they  have  been  barbarously  travestied  with  paper,  wax,  or 
feathers,  and  i»arodied  in  cotton  upon  bonnets,  hats,  or 
dresses.  In  the  direct  pictorial  representation  they  have 
been  favourite  subjects  of  artistic  handling  from  the  days 
of  the  Egyptians  downward.  And  as  clemenls  of  poetry, 
they  have  been  celebrated  from  the  rose  of  Sharon  and 
the  hyacinth  of  Homer  to  Wordsworth's  daisy  and  Tenny- 
son's lily.  lUit  we  must  not  forget  that  herein  we  are 
practically  confessing  the  identity  of  our  own  colour- 
tastes  with  those  of  the  bees  and  butterflies,  for  whose 
attraction  these  floral  gems  were  first  developed. 

Emits  being,  so  to  speak,  the  primitive  and  positive 
element  in  our  love  for  colour,  flowers  may  be  regarded 
as  one  among  the  earliest  classes  to  which  the  feeling  is 
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their  charms,  though  they  display  their  affection,  like  our 
own  little  children,  chiefly  by  pulling  to  pieces  the  objects 
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(;f  tlioir  ro^ard.  We  liave  no  tividence,  of  course,  wliotlirT 
]-.riinitivu  luaii  cared  for  flowers;  but  the  presumption 
from  the  ease  of  existing  savaj^es  would  certaiidy  lead  us 
ti)  supi)0se  that  ho  did.  I  liave  already  noted  that  the 
Tasmanians  and  Australians  employ  bri<^ht  blossoms  in 
their  personal  decorations ;  and  the  South  S'ja  IsLmders 
])ositively  revel  in  gjirlands  and  nosegays.  Even  the 
stern  American  Indians  show  considerable  love  for  these 
bright  natural  objects,  and  I  find  it  noted  of  the  Chibelia 
women  that  tliey  wore  flowers  in  their  hair.  A  little  plot 
of  half-uncultivated  garden  commonly  surrounds  the  very 
rudest  luits.  As  to  ourselves,  so  far  as  my  observation 
goes,  I  am  inclined  to  think  that  our  children  notice 
flowers  as  soon  as  they  take  note  of  anything  which  is 
not  good  to  eat,  while  1  had  hard  work  in  Jamaica  to 
keep  the  hands  of  little  negroes  off  the  purple  and  crimson 
plants  in  my  garden-plot.  Finally,  our  own  conserva- 
tories, flower-shows,  and  floral  decorations  show  us  the 
same  taste  pushed  to  its  furthest  extreme.^ 

It  is  worth  while  to  observe,  en  passant,  that  though 
our  children  i)ick  bunches  of  flowers  they  never  pick 
bunches  of  leaves,  a  fact  full  of  iinpoit  as  to  the  aisthetic 
value  of  green.  Similarly,  although  adults  intersperse 
their  bouquets  with  foliage  as  a  relief,  they  seldom 
arrange  leaves  by  themselves.  If  they  do,  the  leaves 
nmst  present  some  special  feature,  like  those  of  ferns, 
which  attract  us  sometimes  by  their  exquisite  gloss,  some- 
times by  their  varied  and  minutely-symmetrical  forms. 
So,  too,  when  we  place  a  flowerless  plant  in  our  gardens, 
it  must  either  be  recommended  by  such  beauty  of  shape 
or  gioss,  as  in  the  case  of  ferns,  Palma  Cluv'sti,  and  india- 
rubber  trees,  or  by  coloured  foliage,  as  in  the  case  of 
dractena,  colons,  caladium,  sedum,  and  the  other  pretty 
plants  at  present  so  much  in  fashion.     It  is  true  a  culti- 
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'  Since  this  cliapter  wns  written,  A.  Lambert,  h.as  iii)poarc(l  in  the 
»  moat  learned  paper  on  "The  Cere-  "Nineteenth  Century"  lleview  for 
menial  Use    of    Flowers,"    by  Miss    September  1878. 
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vato<l  mind  may  (Icrivu  iis  iinuli  pli'iisuvc  from  a  ^rciMi 
loaf  as  from  a  scailut  ;^oranium  <jr  a  iiur[)le  liyaciiiih  ;  but 
then  tlin  ])leasure  in  llio  foiiiK!!'  I'liso  is  miK;!)  more  in- 
direct, complex,  and  iMnotional,  and  in  tlie  latter  cases 
much  more  immediate,  pun;ient,  and  sensuous.  More- 
over, the  first  pleasure  is  personal  and  restricted ;  the 
second  is  generic  and  universal,^ 

This  is,  ])erl!aj)S,  the  fittest  j)la('C  to  advert  to  anotlier 
curious  fact,  the  fact  that  all  our  a,'sthetic  feelings  eeem 
most  deeply  bound  up  with  the  relics  of  our  original  out- 
door, arboreal  existence.  Fruits  and  flowers,  birds  and 
butterflies,  sweet  ])erfunies  and  songs  of  nightingales,  the 
green  fields  and  the  luscious  forests,  these  are  deep  and 
resonant  elements  in  our  perennial  love  for  beauty.  Mr. 
Herbert  Spencer  has  pointed  out  that  the  ]ileasures  of  a 
day  in  the  country,  of  wild  scenery,  and  of  free  wandering 
over  heath  and  moor,  are  largely  due  to  unconscious  recol- 
lections of  the  ante-civilised  state,  lie  even  su<fgests  that 
the  enjoyment  of  a  picnic,  with  all  its  unconventional 
delights,  is  mainly  explicable  as  a  sort  of  temporary 
reversion  to  a  primitive  state.  Still  more  obvious  does 
this  become  to  those  who  have  ever  tried  a  fortnight  of 
camping-out  among  the  Thousand  Islands  of  the  St. 
Lawrence  or  the  beautiful  lakes  of  western  New  York. 
J>ut  it  seems  to  me  that  we  may  go  further,  and  ascribe 
our  whole  love  of  colour,  perfume,  and  the  more  delicate 


'  I  slioulil  like  here  to  notice,  paren- 
thetically, an  ohjection  which  has*  been 
ui'ged  by  favourable  critics  against 
jiarallfl  passages  in  my  "Physiolo- 
gical ^Esthetics,"  and  which  will, 
doubtless,  be  urged  in  like  manner 
against  the  above  sentence.  1  have 
been  accused  of  ajipealing  from  the 
cultivated  feeling  of  the  artist  to  the 
uncultivated  feeling  of  the  child  and 
the  Havage,  as  though  the  latter  were 
in  some  way  truer  and  hotter.  Such 
has  never  been  my  intention.  I  have 
only  meant  to  appeal  to  tlie  simplest 


in(livi(hiiiliti<\s  in  order  to  find  out 
what  was  ])riniitivo  and  original  in 
our  aisthetic  nature,  after  discovering 
wliich  we  niiiy  proceed  to  explain 
what  is  derivative  and  advanced. 
I!ut  I  confess  that  the  feelings  whicli 
a  |)ainter  sliares  with  a  child  and  a 
barbarian  appear  to  me  more  im- 
|)(ii-tant  subjects  for  philosoijhical 
investigation  tlian  the  feelings  which 
he  only  shares  with  a  knot  of  some 
half-dozen  associates  belonging  to 
the  same  highly -sjiecialiscd  artistic 
school. 
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tasto  of  fruits,  to  lialf-i't'inoiiilxM'ed  l»al»it-»  of  our  oarly 
iUK'csti'y.  Tlu!  a('(iuii\'(l  (Mniivorous  modi!  of  life  siu 
loosi'ly  on  tliC!  oul(!i'  layer  of  our  nature  ;  l)ut  thu  liorcdilary 
frut^ivorous  instincts  scu'iii  to  shape  all  our  inmost  feel- 
ings and  sentinu'nts.  Ihi^hb  lines,  fra.^rant  seeiils,  sweet 
juices,  these  form  the  earliest  pleasures  of  childhood,  and 
remain  throu;^hout  as  the  main  sensuous  factors  of  our 
a'sthetic  nature.  The  very  fact  of  their  comparative 
remoteness  from  our  ac([uircd  and  civilised  habits  seems 
to  make  them  all  the  more  distinctively  beautiful  and 
delicate.  Thus,  our  modern  dinuer  <l  la  Jiu.s.^e,  by  re- 
movinj^  from  the  table  the  coarse  elements  of  meat  and 
lish,  while  loading  tho  white  damask  with  llowers,  with 
Ixiautiful  fruits,  with  coloured  glass  and  porcelain  dessert 
service,  seems  to  recall  whatever  is  loveliest  and  most 
a^thereal  in  our  ancestral  tr.  its.  On  a  humbler  scale,  the 
mere  decoiation  of  dishes  with  parsley  or  watercress,  tho 
bou([uet  placed  in  the  centre  of  the  dinuer  table,  and  the 
very  addition  of  cochineal  to  the  jellies,  or  of  egg  and 
beetroot  to  the  salad,  points  dimly  back  to  the  same 
half-obliterated  habits,  asserting  themselves  strongly 
throughout  our  whole  history. 

r>oth  fruits  and  ilowers  arc  comparatively  evanescent 
aesthetic  objects.  They  soon  fade  and  lose  their  beauty. 
Hut  feathers,  which  perhaps  rank  next  in  order  of  historical 
occurrence,  retain  their  brilliant  hues  for  a  considerable 
period.  And  just  as  our  sense  for  the  beauty  of  fruits 
and  flowers  is  a  proof  of  the  community  of  taste  which 
exists  between  frugivorous  nuin  and  the  fruit-eating  and 
flower-feeding  animals, — the  parrots,  toucans,  huminin^  • 
birds,  bees,  and  butterflies, — so  our  sense  for  the  beauty  of 
feathers  is  an  echo  of  the  taste  which  originally  jiroduced 
them  by  sexual  selection  in  the  species  to  which  they 
belong.  Feathers  form  almost  universal  ornaments  of 
savage  or  civilised  humanity.  The  American  Indians 
thrust  them  into  their  head-dress  in  the  shape  of  a  crest 
or  crown.     The  Hawaiians  wove  from  them  their  famous 
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cloaks  and  idol-?.  Tlio  Mcxioaiis  cinplnvL'J  Ihem  fur  ilicir 
beautiful  mosai(;s.  Kastoni  nalion.s  early  itii/td  the  pea- 
cock fur  his  splendid  tail-j)lunies.  Ami  now,  in  our 
barbarous  civilisation,  millions  of  huiuniin^'-biids  from 
'.I'rinidad  and  South  AnKirica  come  voarlv  to  Kuroite  for 
the  bonnets  of  our  Knglish  ladies;  oslrieii-farms  at  tlie 
Cape  supply  our  savaj^c  court-dress;  and  marabou  plumes 
decorate  the  heads  of  our  Jielgravian  beauties.  The  birdr 
of-paradise  forms  a  regular  articde  of  commerce  ;  grebe 
and  swans'  down  line  our  mantles  and  jackets;  even  our 
very  funerals  are  surmounted  with  the  black-dyed  nodding 
plumage  of  tropical  birds.  '  Our  military  oflicials  wear 
feathers  as  the  mark  of  highest  distinction ;  and  the  heir- 
apparent  to  the  British  crown  uses  them  as  his  armorial 
cognisance.  Is  it  nf)t  worth  noting,  too,  as  a  symptom 
of  the  permanent  character  which  marks  governmental 
ceremonial,  that  the  use  of  feathers  is  especially  bound 
up  with  our  military  system  and  court  eti(juette  ?  Have 
we  not  here  a  direct  survival  from  the  simple  ornaments 
of  the  savage  chief  ? 

Next,  perhaps,  in  our  conjectural  oiderof  transference 
might  come  the  taste  for  shells,  pearls,  coral,  and  like 
organic  substances.  This  taste  we  find  almost  universal 
among  modern  savages,  and  it  extends  far  back  into  the 
prehistoric  age.  Mother-of-peail  is  a  favourite  ornamental 
material,  which  has  retained  its  popularity  into  modern 
times.  Necklets  of  cowiies  or  the  turbo  are  common 
savage  adornments,  which  have  not  yet  died  out  in  civi- 
lised lands.  Coral  still  holds  its  ground  in  Europe,  and 
large  quantities  are  exported  to  China  and  Japan.  On 
the  whole,  however,  despite  the  few  collections  of  shells 
on  a  cottager's  mantelpiece,  the  love  of  these  marine  pro- 
ductions has  died  out  far  more  than  the  previous  tastes. 

Coeval,  doubtless,  with  the  habit  of  gathering  these 
treasures  of  the  sea-shore  is  that  of  picking  up  bright- 
coloured  pebbles  or  crystals.  Of  this  we  have  already 
seen  numerous   examples,  and  further  repetition  would 
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only  fatigue  the  reader.  A  mere  brief  list  of  some  priii- 
Oipal  varieties  must  suffice — such  as  tlie  diamond,  ruby, 
sapphire,  to]iaz,  garnet,  carbuncle,  amethyst,  jasper, 
emerald,  beryl,  jacintb,  onyx,  opal,  and  turquoise  ;  marble, 
porphyry,  granite,  serpentine,  malachite,  jade,  fluor  spar, 
amber,  sutin-stone,  agate,  ahibastcr,  lapis  lazuli,  quartz, 
and  bloodstone. 

The  use  of  decorative  metals  is  clot.'^ly  bound  up  with 
that  of  the  preceding  class.  The  brilliancy  and  the  colour 
of  gold  and  silver  early  attracted  the  attention  of  primitive 
man.  Used  in  conjunction  with  the  precious  stones,  they 
compose  wluit  we  know  as  jeweller} ,  wliicli  Tornis  one  of 
the  chief  decorative  appliances  of  all  savage  and  civilised 
races.  The  taste  wdiich  begins  with  the  gold  neck  orna- 
ments  of  the  barbaric  king,  culminates  in  our  own  jewel- 
lers' shops,  our  regalii.,  our  gold  and  silver  plate,  our  city 
maces,  our  military  uniforms,  our  ecclesiastical  ornaments, 
and  our  Albert  Memorials.  Here,  again,  it  is  interesting 
to  note  the  connection  of  state  ceremonial  and  religious 
ritual  with  the  earliest  decorative  devices  of  primitive 
chieftains. 

All  the  objects  which  we  have  hitherto  examined  agree 
ill  one  particular — they  are  self-coloured.  Man  finds  them 
as  he  uses  them,  and  transfers  at  once  to  the  brilliant 
gewgaws  the  taste  which  was  developed  upon  the  bright- 
lined  fruits.  It  is  the  property  of  natural  colouration 
which  gives  to  some  of  them  their  special  value.  Flowers 
jnid  fruits,  besides  lieing  transitory,  are  common  and  univer- 
sal, and  so  they  are  only  prized  for  their  immediate  beauty. 
Feathers  and  shells,  though  more  permanent,  are  still  too 
easily  procured  to  ra'.k  high  in  -exchange  value.  But 
jewels  and  precious  metals,  besides  being  indestructible, 
are  naturally  rare,  and  cannot  be  artificially  multiplied ; 
so  that  their  value  is  proportionately  and  permanently 
great.  Yet  it  may  be  noted  that  their  aesthetic  rank  is 
not  so  elevated  as  that  of  llowers  or  even  of  beautiful 
feathers  (though  here  many  will  disagree),  partly,  perhaps. 
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"l^ocause  of  tlic  strong  clement  of  glitter  .ind  powerful  total 
^^timulation,  but  still  more,  I  fancy,  because  the  ecouomicifl 
value  has  vulgarised  them  hopelessly,  reducing  them  from 
the  level  of  beautiful  natural  objects  to  the  jjosition  of 
mei'e  high-priced  baubles. 

Tlie  class  which  we  have  next  to  examine,  however,  is 
that  of  materials  not  naturally  coloured,  but  artificially 
stained  or  dyed.  Man  at  length  progresses  beyond  the 
mere  passive  stiige  of  u'sthetics,  and  enters  upon  the  active 
career  of  the  artist.  Ko  longer  content  simply  to  gaze 
with  pleasure  upon  the  fruits,  floMers,  birds,  butterflies, 
shells,  corals,  and  precious  stones  which  nature  has  beauti- 
Hed  beforehand  for  his  admiration,  he  begins  on  Iiis  own 
account  to  increase  the  stock  of  coloured  objects  by  the 
application  of  ])igment. 

Pigment  stands  in  tlie  same  relation  to  the  natural  taste 
for  colour  as  suga^*  to  the  natural  taste  for  sweetness,  or 
artificial  essences  to  the  natural  taste  for  perfume. 

We  get  the  first  stage  of  this  active  process  in  the  use 
<>r  ochre,  chalk,  and  charcoal,  for  the  decoration  of  the  hair 
and  body.  These  pigments  represent  a  very  elementary 
form  of  painting,  because  in  their  case  a  friable  substance 
is  merely  applied  to  another  body,  so  that  small  fragments 
adhere  by  their  own  nature  or  by  simple  wetting.  The 
expression  of  vegetable  juices  gives  us  a  step  in  advance, 
as  in  tlie  case  of  woad,  indigo,  h)gwood,  and  the  like.  The 
<lyeing  of  cloth  carries  us  still  further  on  the  upwaid 
march  ;  and  the  discovery  of  mixed  pigments,  applied 
with  a  stamp  or  brush,  puts  a  culminating  touch  to  the 
process.  Dyeing  and  painting  revolutionise  the  whole 
environment  of  semi-civilised  man,  until  at  last,  if  the 
reader  will  cast  his  eye  around  the  room  in  which  he  sits, 
he  will  see  that  scarcely  an  object  can  be  found  in  it  which 
has  not  received  some  purely  decorative  addition  of  i)ig- 
inent,  stain,  or  polish. 

Side  by  side  with  this  great  change  goes  the  discovery 
of  glass,  porcelain,  and  other  materials  which  imitate  the 
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natural  colouring  of  precious  stones.  Tlic  numerous 
changes  which  can  be  rung  upon  these  various  materials 
togetlier  M'ith  pigments,  dyes,  and  textile  fabrics,  would 
demand  a  separate  history,  and  cannot,  therefore,  be  ade- 
quately treated  in  a  single  chapter. 

But  it  must  be  remembered  that  while  mankind  have 
been  transferring  their  native  love  for  colour  to  these  new 
objects,  and  exercising  their  sense  upon  these  artificial 
stimulants,  the  taste  must  liave  been  widening  and  deep- 
ening from  day  to  day.  It  might  have  seemed  to  the 
reader  at  lirst  that  these  aesthetic  feelings,  derived  from 
a  remote  ancestry,  must  be  growing  perpetually  weaker 
with  the  lapse  of  time,  so  that  some  fear  might  arise  for 
tiieir  final  obsolescence.  But,  really,  man  has  go!ie  on 
from  age  to  age,  surrounding  himself  more  and  more  with 
beautiful  flowers,  bright  clothing,  decorative  furniture, 
works  of  art,  and  all  other  exquisitely-coloured  objects,  so 
that  what  was  at  first  a  mere  passing  fancy  for  pebbles 
and  shells,  has  developed  at  length  into  a  perfect  neces- 
sity of  his  fully-evolved  nature.  As  an  able  writer  in 
the  '•  Revue  Thilosophique "  has  pointed  out,  even  the 
veriest  boor  would  now  feel  half  his  existence  cut  from 
under  him  if  the  whole  testhetic  element  were  removed 
out  of  his  life. 

A  third  point  of  view  must  engage  our  attention  for  a 
while  before  we  quit  tlie  subject  of  the  testhetic  value  of 
colour.  I  mean  the  gradual  progress  in  disinterestedness, 
which  marks  the  evolution  of  tlie  fcsthetic  feelinus. 

The  starting-point  of  visual  aesthetics,  as  we  have 
already  seen,  is  the  appreciation  of  l)right  colour  in  the 
fruits  wdiicli  form  the  common  food  of  the  original  species. 
A  close  connection  with  vital  function  is  here  obvious 
and  unmistakable.  The  simplest  transference  from  this 
primordial  pleasure  consists,  doubtless,  in  the  mere  tran- 
aient  interest  in  brilliant  objects  of  uiie  nearer  environ- 
ment, such  as  flowers,  parrots,  or  butterflies.  Not  only 
the  quadrumana,  Imt  savage  or  uncultured  man  himself^ 
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displays  little  interest  in  such  intangible  and  distant 
inanifestations  of  colour  as  the  rainbow  or  the  sunset. 
l>ut  monkeys  are  reported  to  pull  to  pieces  handsome 
blossoms,  to  snatch  the  longer  feathers  from  unsuspecting 
birds,  and  to  dart  after  beautiful  buttcrJIies  which  Hit  past 
them  on  the  wing  in  the  bright  sunlight.  No  doubt  their 
interest  is  quite  as  momentary  as  that  of  the  child  who 
tears  on'"  the  ray-ilo'-ets  of  a  daisy,  or  chases  a  Camber- 
well  beauty  across  the  meadow ;  yet  if  the  facts  as  com- 
monly related  be  really  true,  they  show  at  least  some 
slight  disinterested  love  for  colour,  inasmuch  as  coloured 
bodies  are  instinctively  selected  as  objects  of  passing 
pursuit,  while  green  leaves  or  brown  insects  attract  little 
or  no  attention. 

The  monkey,  however,  goes  no  further  in  his  testhetic 
career  than  this  first  simple  step — for,  of  course,  we  must 
count  the  phenomena  of  sexual  selection  as  manifesta- 
tions of  purely  interests  feeling.  IJut  num  proceeds  to 
employ  the  objects  which  he  collects  as  means  for  his 
own  personal  decoration.  The  adornment  of  the  body 
tlius  constitucs  the  second  stage  of  disinterested  a'sthetic 
progress.  Flowers  stuck  into  the  rude  head-dress,  or 
woven  into  festoons  for  wreaths  and  girdles,  form  one  of 
the  earliest  and  most  natural  ornaments.  But  beautiful 
as  these  simple  articles  of  dress  must  always  be,  they  fade 
too  soon  for  permanent  use.  Accordingly,  shells,  corals, 
})ebbles,  ])recious  stones,  featliers,  and  furs  supersede  them, 
where  obtainable,  as  decorative  appliances.  The  first 
function  of  pigment  is  for  daubing  the  hair  and  body ; 
wliile  tattooing,  originally  a  form  of  subordinative  mutila- 
tion, grows  at  last  into  a  mere  lesthetic  practice.  As 
knowledge  and  arts  increase,  rude  textile  fabrics  come  into 
use,  and  being  dyed  or  stained  with  red,  yellow,  and  blue, 
form  personal  adornments  for  the  savage  chief.  Of  course, 
the  whole  original  object  of  dress  was  that  of  decoration, 
the  ideas  of  warmth  and  decency  only  coming  in  as  after- 
thoughts at  u  later  period.    Amongst  the  lower  races,  men, 
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not  women,  mouoiwllse  the  handsomest  costumes,  which 
are  worn  as  marks  of  distinction  rather  than  as  purely 
ji'sthetic  adjuncts.  Here,  once  again,  we  note  tliat  the 
em[)loymGnt  of  colour  in  male  dress  survives  amongst  our- 
selves mainly  in  connection  with  military,  ecclesiastical, 
and  governmental  etiquette. 

Yet  even  the  humming-birds  have  passed  beyond  this 
second  stage  of  diointerested  jesthetic  feeling,  and  reached 
the  third  step,  which  we  have  next  to  consider;  for,  as  Mr, 
tiould  tells  us,  they  decorate  tlieir  nests  with  pretty  bits 
of  lichen  or  brilliant  feathers,  interwoven  with  the  mate- 
rials of  the  outer  wall.  Much  more  have  our  old  friends 
the  bower-birds  overstepped  this  higher  limit,  by  posi- 
tively instituting  what  may  be  described  as  jUsemhly 
Ji'oams,  adorned  with  all  kinds  of  coloured  or  shining 
objects.  Obvioush',  the  ornamentation  of  your  home  is 
one  degree  more  dis'nterested  tluin  the  ornamentation  of 
your  own  person,  and  that  of  your  temples  or  public  build- 
ings, one  degree  more  so  than  that  of  vour  home,  lioth 
these  steps  are  soon  taken  in  the  course  of  human  evolu- 
tion. The  negroes  of  the  Niger  stain  the  exterior  of  their 
huts  with  blue  and  white ;  while  the  people  of  High  Asia 
commonly  paint  theirs  with  gn^tosque  liguros.  Amongst 
our  own  houses,  external  painting  is,  of  course,  very 
common,  especially  in  countries  where  wood  is  largely 
employed  as  a  building  material.  But  internal  decoration 
carries  us  a  step  higher,  because  it  does  not  bear  the  same 
impress  of  nu're  ostentatious  display;  it  shows  more 
ingrained  personal  icsthetic  sensibility,  and  less  love  of 
admiration  at  the  hands  of  others.  Tlie  "West  Indian 
negroes  dress  in  very  bright  colours,  and,  on  the  whole, 
with  admirable  taste — the  brilliant  hues  setting  off  with 
cU'ect  the  natural  darkness  of  their  skin — but  they  seldom 
or  never  do  anything  toward  the  decoration  of  their  huts, 
which  are  mere  square  blocks  of  mud  wall,  lightly  roofed 
with  palm-thatch.  A  step  higher  up,  the  West  African 
negroes  paint  their   huts  externally,  while   inside   they 
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remain  mero  brown  and  dirty  hovels.  But  the  cultivated 
civilised  man  thinks  more  of  surroundinc;  himself,  undiu- 
his  own  roof,  with  beautiful  and  ennobling  works  of  art, 
than  of  making  a  boastful  external  show  before  the  eyes 
of  his  neighbours. 

Under  the  same  heading,  we  may  notice  the  cultivation 
of  flowers  in  gardens  and  windows.  This  practice  exhibits 
a  considerable  advance  upon  the  mere  casual  taste  for 
picking  pretty  blossoms,  and  also  upon  the  collection  of 
naturally-grown  flowers  for  personal  decoration.  It  testi- 
fies to  aesthetic  forethought,  and  gives  room  for  immense 
disinterested  developments  of  iL'Sthetic  feeling.  Gardens 
of  more  or  less  rude  construction  are  found  very  far  down 
in  the  scale  of  humanity,  and  they  continue  to  be  objects 
of  solicitude  up  to  the  very  highest  level  of  civilisation. 

The  habit  of  keeping  birds  (especially  those  of  bright 
plumage,  like  parrots,  cockatoos,  and  peacocks)  as  domestic 
pets,  deserves  a  passing  notice  in  the  same  connection. 
How  low  down  in  the  scale  of  civilisation  this  practice 
may  extend  I  cannot  say;  but  I  observe  that  Captain 
Moresby^  mentions  it  as  prevailing  among  the  savage 
Papuans. 

If  th-j  mere  common  savage  decorates  his  own  little 
hut  with  pignuiut,  skulls,  shells,  and  floM'ers,  much  more 
will  the  great  chief  gather  around  his  dwelling  these 
[esthetic  adjuncts,  and  others  of  higher  kind.  Only  kings 
in  Hawaii  were  permitted  to  use  the  feathers  of  the 
Melithreptcs,  from  which  the  royal  robes  were  woven. 
I'urple  has  always  been  a  pccidunn  of  kingship,  and  the 
palace  is  naturally  thought  of  as  a  finer  and  more  brilliant 
building  than  the  hut  or  house  of  a  subject.  Even  the 
veriest  savages  have  distinctions  of  dress  and  decoration 
for  their  chiefs;  and  when  we  come  to  the  royal  abodes 
of  Egypt,  Assyria,  Mexico,  and  Peru,  we  see  at  once  how 
large  a  share  monarchy  has  borne  in  the  development  of 
artistic  handicraft,  which,  of  course,  entails  a  corresponding 

^  Discovciics  in  New  Guinea,  p.  219. 
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development  of  the  {Esthetic  feelings,  Solomon's  house 
iind  ivory  throne,^  as  well  as  his  "  apes  and  peacocks," " 
will  immediately  occur  to  the  Biblical  student.  If  wo 
trace  this  influence  down  through  history,  we  shall  find 
that  princes  have  ahvays  heen  the  great  patrons  of  fine 
art,  and  that  painting  in  particular  has  been  almost 
entirely  fostered  under  the  protection  of  monarchs  and 
aristocracies.^  But  these  royal  decorations  react  upon 
the  popular  taste,  a.id  finally  aflbrd  new  outlets  for  the 
disinterested  iiesthetic  sentimeiii  of  the  people.  Hitherto, 
the  sense  of  beauty  lias  been  riore  or  less  linked  with  the 
feeling  of  proprictorsliip :  beyond  this  line  it  gains  more 
and  more,  with  every  step,  in  abstractness  and  remoteness 
from  the  personality  of  the  individual. 

Eeligion,  however,  does  slill  more  for  the  aesthetic 
sentiment  than  even  governmental  adjuncts.  If  the 
house  of  til,?  chief  receives  exceptional  decoration,  much 
more  does  the  house  of  that  deified  ghost-chief,  the  god. 
Wherever  we  look,  we  see  that  all  the  resources  of  art, 
infantile  or  full-grown,  are  most  fully  emjdoyed  in  the 
service  of  religion.  I'ainting,  sculpture,  music,  the  thou- 
sand minor  arts  of  decoration  and  dress,  all  combine  to 
do  honour  to  the  gods  of  the  country.  From  the  West 
African  fetish,  through  the  Polynesian  slirines,  the  Indian 
topes,  the  Chinese  pagodas,  the  ]\rexican  and  Peruvian 
temples,  the  mysterious  colonnades  of  Egypt,  the  massive 
architecture  of  Babylon  or  Nineveh,  the  Hellenic  Partlie- 
nons,  the  Italian  Capitols,  to  the  modern  mosques  of 
Islam  and  the  towering  cathedrals  of  Christendom,  we 
find  the  highest  artistic  handicraft  of  every  age  and  race 
lavished  upon  the  dwelling-place  of  the  national  deities. 
The  few  traces  of  {esthetic  feeling  in  the  Hel)re\v  Scriptures 


'   I  Kings  vii.  ^  Ibid.  x.  22. 

•*  TI1U8  it  turns  out  th.at  (i)iini(loxiciil 
ns  it  must  at  first  sight  iippenr)  even 
kings  and  queens  are  not  witliout  tlieir 
ultimate  uses.    It  has  often  struct;  me 


as  a  curious  f:ict  that  had  it  not  heen 
foi'  the  royal  parlts  and  gardens,  Lon- 
don and  Paris  would  have  been  left 
almost  entirely  destitute  of  opeu 
breathing-spaces. 
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arc  connected  witli  the  workmanship  of  tlio  T.ahcrnaclc, 
tlie  Temple,  and  tlie  hieratic  dress,  I  have  pointed  out 
elsewhere^  how  lar<,'e  a  part  the  reli.i^ious  sentiment  lias 
borne  in  the  j:fenesis  of  the  sublime :  it  must  here  suflice 
thus  brieliy  to  hint  at  the  impetus  which  it  has  given  to 
the  kindred  feeling  of  the  beautiful.  Whether  we  look  at 
the  endless  painted  images  of  Karnak  or  at  the  stained 
windows  of  .Salisbury,  we  must  equally  recognise  the 
enormous  influence  of  religion  in  the  growth  of  disinterested 
a'sthclic  feeling. 

The  remaining  steps  of  the  process  would  carry  us  too 
far  into  the  general  realm  of  aesthetics,  if  treated  in  full 
detail.  Enough  has  been  done  already  to  show  the  main 
course  of  evolution,  whereby  the  love  for  colour  becomes 
extended  and  divorced  from  the  personality  of  the  sentient 
mind.  The  final  step,  it  seems  to  me,  is  taken,  when  we 
arrive  at  the  pure  love  of  colour  in  nature  for  its  own 
sake,  the  love  which  draws  the  cultivated  man  to  gaze 
with  delight  upon  the  autumn  hues,  the  rainbow,  the  sun- 
set clouds,  or  the  myriad  tints  of  sea,  and  sky,  and  plain, 
and  forest.  In  works  of  art,  so  many  additional  factors  of 
plot-interest,  of  admiration  for  imitative  skill,  or  of  critical 
appraisement,  enter  into  the  total  of  our  consciousness, 
that  we  can  hardly  analyse  our  feeling  into  its  simple 
constituents ;  but  when  we  look  upon  the  criinson  and 
golden  hues  of  evening,  the  thrill  of  pleasure  which  echoes 
through  our  brain  represents,  I  believe,  almost  the  purest 
form  of  disinterested  love  for  mere  colour. 

1  Soe  "The  Origin  of  the  Sublime,"  in  "  Mimi"  for  July  1878. 
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TiiK  names  of  colours  are  abstract  words:  they  repre- 
sent an  attri])uto,  not  an  object.  Accordingly,  they  do 
not  belong  to  the  class  of  words  wiiich  form  the  voca- 
bulary of  young  children  or  of  primitive  men.  They 
arise  gradually,  during  the  course  of  human  evolution, 
personal  and  collective,  in  proportion  as  they  are  required 
by  the  needs  of  the  individual  or  the  race.  A  child  of 
two  years  old  (or  a  little  more)  knows  very  well  the 
names  of  grapes,  strawberries,  and  oranges  ;  but  for  purple, 
crimson,  and  orange  as  a  colour,  it  has  as  yet  no  appro- 
priate verbal  symbol.^  If  you  ask  it  what  it  calls  these 
things,  it  will  answer  at  once,  "glayie,"  "  tluwbellie,"  or 
'■'  olage,"  as  the  case  may  be ;  but  if  you  ask  it,  "  what 
colour  is  this  ? "  it  has  no  answer  ready,  because  it  does 
not  even  comprehend  the  question. 

Intelligent  adults  who  have  received  a  philosophical 
education — or  rather,  an  education  in  philosophy — have 
grown  so  accustomed  to  the  conception  of  substance  as 
composed  of  attributes,  so  habituated  to  the  analytical 
mode  of  regarding  concrete  objects,  that  they  find  a  dif- 
ficulty in  realising  the  mental  state  of  the  unsophisticated 
human  being.  An  educated  man,  if  asked  to  describe  a 
grape,  would  answer,  "  It's  a  small,  round,  sweet,  purple 


*  I  am  not  speaking  here  by  guess-work,  but  stating  the  result  of  numerous 
actual  experhiicnts, 
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fruit,  which  grows  in  clusLors  on  a  twining  vine;"  ^  hut  a 
laboure.' would  have  recourse  to  liettcr  known  concrete  ob- 
jects, f!  \  reply, "  It's  something  ^ike  a  phnn  only  alxnit  tlu^ 
size  of  if  ;'li(n'ry,  and  grow^^  in  bunches  the  same  as  currants." 
Or  aga^'M,  if  a  natvalist  discovers  for  tlie  Trst  time  a  new 
anima'  — say  ,n  argus  pheasant — he  will  minutely  charac- 
terise its  shape,  size,  colour,  external  appearance,  and 
internal  structure,  Ootpi'i.ng  all  these  points  in  extremely 
abstract  language  ;  whereas,  a  countryman  who  goes  to 
the  Zoological  Gardens  will  simply  describe  it  as  "  be- 
tween a  peacock  and  a  guinea-hen."  In  every  case,  the 
average  intelligence  of  mankind  endeavours  to  grasp  an 
idea  by  means  of  concrete  realities.  Only  by  an  effort  is 
it  able  to  resolve  the  complex  whole  into  its  ultimate 
analytic  constituents. 

We  shall  fall  into  many  errors,  therefore,  if  we  insist 
upon  reading  the  simple  language  of  primitive  man  by 
the  light  of  our  developed  experience.  Ii/volution  for  ever 
impresses  upon  us  the  lesson,  that  if  we  would  be  good 
philosophers  we  must  forget  our  philosophy.  Thus,  the 
formal  logician  was  prepared  to  interpose  his  learned 
objection  just  above,  when  I  said  that  the  names  of 
colours  are  abstract.  For  the  purposes  of  his  artificial 
system,  with  its  propositions  and  denotations  and  in- 
tensions, blue  and  green  are  concrete  terms.  1  hav  no 
fault  to  find  with  the  expression;  when  writing  logically, 
we  nmst  all  allow  the  truth  of  the  distinction.  But  f)  oni 
the  point  of  view  of  psychology,  every  word  which  does 
not  denote  a  concrete  thing  in  its  totality,  or  a  picturable 
action,  must   be   regarded    as  abstract.      While    general 


I  I  have  purposely  given  the  natu- 
riil  answer  of  an  ordinary,  well-edu- 
catcil,  non-botanical  speaker.  But 
see  how  absurdly  inadequate  the  de- 
scription really  is  !  Setting  aside  its 
total  want  of  structural  detail,  and 
merely  regarding  it  from  a  practical 
point  of  view,  wliat  (i  vague  expres- 
sion is  small,  iu  lieu  of  a  niea.sured 


diameter,  round,  instead  of  spherical, 
and  su'cctaa  asymbol  of  the  compound 
and  delicate  grape-flavour.  Then, 
again,  we  have  no  information  whe- 
tlier  it  is  a"  stone-fruit  "  or  a  "  borry,'' 
and  whetlier  it  is  edible  or  poisonous. 
Yet  the  description  is  really  a  very 
good  one  as  descriptions  go. 
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names  are  not  real  abstractions,  because  they  describe  in- 
(liscriininable  individuals,^  adjectives  are  real  abstractions, 
because  tliey  describe  a  single  property  viewed  in  isolation 
from  the  other  properties  of  the  objects  in  which  it  is  an 
clement. 

The  names  of  colours,  then,  are  abstract  words  ;  but,  like 
all  other  abstracts,  they  necessarily  take  their  rise  from  a 
conci'etu.  A  moment's  reflexion  will  show  us  that  the 
evolution  of  lanj^uajre  could  not  proceed  otherwise.  The 
I'arliest  names  must  be  names  of  things  or  of  visible  and 
audible  actions.  These  must  afterwards  be  applied  to 
other  like  things  or  to  similar  attributes,  by  slight  changes 
in  their  meaning.  Unless  primitive  man  in  the  search  for 
a  means  of  intercommunication  had  hit  upon  the  plan  of 
I'raming  a  conventional  word  to  express  an  abstract  idea — 
a  plan  obviously  itself  too  abstract  in  its  nature  for  adop- 
tion by  any  but  a  high  order  of  intelligence — he  must 
clearly  proceed  by  forming  new  words  out  of  the  old,  by 
likening  the  unnamed  to  the  nameable.  And  as  a  matter 
of  fact,  philological  analysis  shows  us  that  such  has  been 
the  actual  course  of  development — that  every  abstract 
word  can  be  ultimately  traced  back  to  a  root  of  extreme 
concreteness,  and  every  expression  of  attribute  can  be 
shown  to  belong  in  its  origin  to  a  definite  subject. 

It  would  be  easy  to  give  a  philological  analysis  of  the 
common  colour  names,  such  as  red,  green,  blue,  and  yellow, 
in  several  ancient  and  modern  languages,  which  would 
bear  out  the  truth  of  this  assertion ;  but  I  prefer  to  take 


if 


^l 


^  I  have  DO  room  here  for  the  dis- 
cussion of  this  side-issue,  but  I  may 
just  point  out  in  passing  that  the 
word  man  is  not  in  practice  arrived  at 
(as  logicians  tell  us)  by  abstracting 
from  tlie  various  individual  men  what 
is  common  to  each,  but  by  the  cliildish 
mind  recognising  originally  a  number 
(if  exactly  similar  units,  some  of  which 
it  afterwards  learns  to  discriminate. 
A  child  at  first  regards  all  men  iia 


"Papa;"  it  only  slowly  giows  to 
demarcate  tlie  actual  Papa  from  otiicr 
men.  We  recognise  meat  before  we 
recognise  beef  and  mutton  ;  or  tree 
before  oak  and  elm.  Nobody  knows 
one  pin  or  one  egg  from  another  ; 
they  are  thought  of  as  the  same  :  and 
if  we  are  shown  two  in  succession  or 
the  one  twice  over,  our  impressions 
are  absolutely  idcutical. 
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examples  from  a  later  date,  ami  to  show  tlio  orij^iu  of  oiio 
or  two  very  new  expressions,  wliose  meaning  is  too  jduiii 
to  admit  of  any  doubt.  Tliou^di  this  metliod  lias  fur  Its.s 
i;,  pearanee  of  leavnin;^  than  the  other,  it  carries  a  ^niat 
dual  more  conviction  to  the  general  reader:  for  we  can 
easily  see  that  ruHC-coIovvcd  is  directly  derived  from  the 
known  word  and  the  known  concrete  object,  a  rotse ; 
^vherea3  most  people  musttidce  on  trusctlic  origin  of  hrown. 
from  an  Indo-i^iuropean  verb  nuMni'.ig  to  burn,  or  that  of 
the  heraldic  (julea  from  a  Tertian  word  (jinil,  whicli  desig- 
nates the  same  favourite  flower. 

Among  such  new  terms  of  undoubted  derivation,  we 
may  take  as  specimens  lilac,  lavender,  and  violet,  whicli 
are  borrowed  from  the  concrete  names  of  flowers ;  and 
orange,  cherry,  apvlc-fjreen,  wiiich  are  borrowed  from  tliosu 
of  fruits.  So,  too.  to  go  a  little  further  back,  we  have 
jiinlc  from  the  well-known  l>lossom ;  and  the  almost  obso- 
lete saffron,  a  favourite  colour-epithet  with  Elizabethan 
poets.  Again,  we  find  the  French  words  cerise,  mauve, 
and  4crii  in  common  use  among  drapers  and  their  lady- 
customers  ;  and  when  we  inquire  into  their  meaning,  wo 
see  at  once  that  the  first  is  the  same  as  our  cherry,  tiie 
second  is  the  name  of  the  marsh-mallow,  and  the  third 
(literally  unUcached)  is  a  derivative  of  the  Latin  crudi/H  ; 
so  that  in  every  case,  when  we  go  back  a  little  way,  we 
see  that  the  abstract  colour-term  is  always  a  special 
application  of  a  very  concrete  primitive  object-name. 

In  fact,  when  we  wish  to  express  a  hitherto  unnamed 
colour,  the  simplest  way  of  doing  it  ''"  to  take  an  object 
which  possesses  that  colour,  and  apply  its  title  as  an  ad- 
jective to  the  thing  which  we  wish  to  describe.  A  par- 
ticular shade  of  very  light  yellow  has  no  distinctive  name 
at  a  particular  time  ;  but  we  must  call  it  something  for 
some  special  purpose,  and  so  we  think  of  its  nearest 
conmion  representative,  a  primrose.  Thenceforward,  the 
new  name  becomes  an  adjective,  and  we  ask  naturally 
for  a  yard  of  primrose  ribbon.     Kow,  what  we  see  civil- 
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is!3il  mon  doin^'  to-day  under  our  own  eyes,  jiriuiitive  nion 
(lid  ('('utmios  a;,'o,  wlieu  tlioy  framed  the  earliest  colour 
imnit'S.  It  woul<l  seoin  at  present  as  though  the  various 
lerms  for  colours  niiglit  be  divided  into  two  classes,  tlie 
truly  abstract,  such  as  h/iir,  grcvn,  i/dloic,  and  the  concrete 
us(!(l  abstractly,  such  as  lilac,  orcoif/c,  jiink.  1'he  foruici- 
class  aj)i)ear  to  have  no  other  meaning  than  that  of  jjure 
colour;  while  the  latter  class  are  clearly  derived  from  the 
nanujs  of  concrete  oltjects.  lUit  in  reality,  the  diirerencc 
between  th<!ni  is  merely  one  of  time.  Abstract  colour 
terms  are  the  names  of  concretes,  whose  original  significa- 
tion has  been  forgotten. 

Yet  another  general  principle  of  vocabularies  nuist  be 
considered,  if  we  wish  rightly  to  comprehend  the  growtli 
of  colour  names.  "Words  arise  just  in  proportion  to  the 
necessity  which  exists  for  conveying  their  meaning.  For 
example,  to  take  the  specific  case  of  colours,  we  have  seen 
a  large  num])er  of  colour  terms  introduced  within  our  own 
memory,  because  the  hues  to  which  they  referred  had 
beconuj  far.liionable  as  dyes  for  dress  materials.  Such 
are  the  instances  of  mauve,  dent,  solferino,  maycnta,  and 
eanliiial,  every  one  of  which  has  obtained  a  definite  name 
only  because  it  had  been  employed  in  the  drapery  trade. 
In  short,  we  invent  words  as  we  need  them. 

Armed  with  these  general  truths,  let  us  endeavour  to 
trace  out  the  origin  and  development  of  the  colour- 
vocabulary. 

Primitive  man  in  his  very  earliest  stage  wiL  b-ive  no 
colour  terms  whatsoever.  He  will  speak  of  concrete 
objects  only,  and  when  he  uses  their  names  he  will  us(; 
them  as  im])lying  all  their  attributes.  He  does  not  neeil 
to  say  red  hluod,  for  all  blood  is  red;  won  green  leaves,  for 
all  leaves  are  green.  Blood  and  leaf  by  themselves  are 
quite  sufficient  for  every  one  of  his  simple  purposes. 

But  when  man  comes  to  employ  a  pigment,  the  name  of 
the  pigment  will  easily  glide  into  an  adjectival  sense. 
The  earliest  colour  terms  will  thus  be  produced.     I  learn 
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from  Mr.  WliitnuH;  tlwit  llio  Siunojuis  use  llircc*  kinds  of 
jiiymeiit — .'I  red  volcanie  eiirtli,  a  iiiolluscaii  inirple,  and  a 
tiiriaeric  ;  and  llie  names  of  these  lliree  iiiunients  arc 
applied  as  e(dour  Uirnis.'  So,  too,  many  other  inl'nrniiinls 
liave  <fiv(!n  me  like  instances  with  other  races.  A  lar<,'(! 
proj»ortion  of  onr  own  cohjur  terms  are  derived  from  dyes 
or  i)i^Mni!nts.  Such  are  cfiinsou  (or  cramoWi)  from  th(i 
Arabic  hirmcsi,i\\Q  kermes;-  rmiiiliun  vv  nrincil,  fi'om 
'ver)niruli(s,  because  it  was  supposed  to  bo  tlie  product  of  a 
worm;''  </(nnhu</c,h'(mi  Cambodia,  the  ])lace  of  its  export  ;■* 
indif/o,  from  Spanish  indico,  the  Indian  dye;''  and  fioj/'ron, 
from  the  common  Knglish  i)kint. 

Moreover,  we  saw  that  red  is  the  earliest  colour  used  in 
decoration,  and  accijrdingly  it  is  the  earliest  colour  which 
receives  a  special  name.  This  fact  has  been  fully  brou.t^ht 
out  by  the  researches  of  Cleiger,  Magnus,  and  Mr.  Glad- 
stone; and  it  will  not  therefore  be  necessary  to  accumu- 
late further  proofs  in  the  present  volume.  The  early 
])romiuence  of  red,  however,  has  left  some  curious  traces 
in  language,  as  well  as  in  art,  to  the  present  day,  which 
deserve  a  jiassing  notice  here.  Thus  the  Indo-European 
dialects  contain  a  nundjer  of  words  for  this  colour  from  a 
common  root — c-ruth-ros,  ruhcus,  7'ussi(s,  ri(adh,  roth,  red, 
rov(/e,rohhio,  roitx,  ruddi/,  &c. ;  Nvhile  there  is  no  such  widc- 
spreail  and  common  root  for  blue — civrulcus,  hlau,  azul — 
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'  In  this  case  and  in  many  others, 
covrespondentH  liave  kiii(Uy  Hupplied 
ine  with  the  words  used  by  existing 
siivages,  or  by  early  historical  races, 
BTich  as  the  As.syriiiiis,  Hebrews,  and 
Peruvians ;  and  I  might  have  given 
a  certain  false  show  of  erudition  to 
the  present  chapter  by  inserting  the 
original  terms  as  given.  V>\  really 
the  important  i  jint  for  our  p  apose 
is  the  existence  of  the  words,  not 
their  particular  form,  which  is  only 
valuable  for  philological  students. 
The  reader  would  be  none  the  wiser 
if   1  had  stated  that  these  forms  in 


the  case  of  the  Siimoans  were  fie, 
pauli,  and  loi'ia  respectively.  Ac- 
cordingly I  have  only  inserted  original 
words  in  the  text  when  they  belong 
to  languages  with  which  I  am  person- 
ally iic(iuainted.  an<l  with  which  I 
may  reasonably  exjiect  a  fair  famili- 
arity on  the  jiart  of  the  reader. 

-  Bruchet,  Dictioimaire  Ktymolo- 
gi(iue  de  la  Langue  Fran^aise,  «?«6.  t-w. 

"  Ibid.,  sub  vo<\ 

*  Isaac  Taylor,  Words  and  Places, 
p.  409. 

*  Ibid.,  p.  409. 
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nor  for  green — chldros,  viridis,  griln}  Again,  wo  English 
liave  a  g';oat  number  of  subordinate  colour  terms  in  popular 
use  to  express  the  various  shades  of  red,  such  as  crimson, 
scarlet,  vermilion,  rosy,  and  pink,  besides  less  definite  words 
like  cherry,  ruddy,  russet,  carnation,  llushiny,  sanyuine  or 
ensanyuincd,  ruby,  and  roseate;  bu^.  we  Iiave  few  or  no 
words  to  express  the  shades  of  green,  while  physicists 
have  liad  to  introduce  the  conventional  terms  indigo  and 
tiolet  to  designate  tlie  widely  difl'ercnt  but  unnamed  hues 
which  result  from  tlie  quickest  light-waves.  Once  more, 
V,  idle  tlie  nouns  of  brightness  and  its  opposite  give  us 
the  verbs  to  liyhtcn  and  to  darken,  to  ivhiten  and  to  blacken, 
and  while  the  primitive  art-colour,  red,  gives  us  the  verb 
to  redden,  we  have  no  such  words  in  our  language  as  to 
hlucn  and  to  grecncn.  And  it  is  a  significant  fact,  as 
regards  the  aesthetic  position  of  green,  that  whereas  the 
use  of  "  blue  "  in  laundries  luis  given  rise  to  a  teclmical 
verb  of  washerwomen,  to  bine,  we  have  absolutely  no  verb 
meaning  "  to  green  "  or  "  to  viridise."  Finally,  the  mixed 
colours,  orange  and  purple,  into  which  red  enters  as  an 
element,  liavo  separate  popular  names,  but  no  other  mixed 
colours  have  any  but  technical  designations ;  and  while 
these  red-like  words,  with  yellow,  the  adjunct  of  red,  yield 
us  tlio  verbs  to  iiurplc,  to  crivisor>,  to  encarnadine,  to  en- 
saffron,  and  so  fortli,- 1  cannot  call  to  mind  a  single  similar 
expression  \\\i\\  reference  to  the  less  refrangible  rays. 

During  the  period  or  stage  in  which  red  forms  the  main 
or  only  decorative  colour,  red  alone  has  a  conventional  or 
abstract  name.  All  other  hues  are  spoken  of  by  com- 
parison with  well-known  objects.  It  is  not  the  habit  of 
the  early  mind  to  refer  to  the  sky  as  blue,  or  the  leaves  as 


^  Curtius,  however  ("  Gricclusche 
Etyinologio,"  sub  roc),  idontifies  the 
roots  of  chlGrns  and  viriilis.  I  must 
almost  confess  to  n,  little  scepticism  , 
but  the  identificiition,  if  true,  would 
show  that  preen  w.'is  discriminated 
and  named  before  the  sei>aratiou  of 


the   HclleTiic  and  Ituliaii  race   from 
their  Aryan  ancestors. 

^  It  should  be  added,  however,  that 
those  words  are  largely  due  to  tho 
special  poetical  efTectiveiiess  of  .jd, 
couceminj^  which  more  hercaft 
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green;  on  tlie  contrary,  it  speaks  of  bine  things  as  "  sky- 
i'aced"  {ccerideus),  and  of  green  things  as  "sprout-like" 
{idridis,  connected  with  rircre  ;  yrUii,  green,  connected 
with  grow).  The  primitive  man  woidd  no  more  think 
of  saying  that  the  sky  was  sky-faced,  or  the  leaves  leaf- 
like, than  we  shouhl  thiidc  of  talking  about  an  orange 
orange,  or  a  lilac  lihic. 

But  so  soon  as  blue  becomes  a  recognised  art-colour, 
either  through  the  use  of  pigments  or  (»f  decorative  jewels, 
a  name  for  blue  springs  up.  One  of  the  commonest  in 
Europe  is  that  of  azicrc,  azur,  or  azul,  derived  from  the 
Persian  Idzur,  lapis  lazuli.^  We  have  already  seen  that 
this  stone  was  very  early  imported  from  the  east,  and  it 
was  natural  that  it  siiould  give  a  name  to  the  hue  in  ques- 
tion, because  it  was  largely  employed  for  artistic  purposes. 
Emerald  and  turquoise  are  similarly  used  at  the  present  day 
to  designate  various  shades  of  green. 

At  this  second  or  red- blue  stage,  the  word  for  blue  seems 
often  to  be  applied  also  to  green.  This  is  not  surprising 
when  we  recollect  how  very  little  difllrence  really  exists 
between  these  two  colours.  Indeed,  1  am  convinced  that 
we  only  liave  separate  names  for  them  at  all  because  the 
commonest  green  in  nature,  that  of  foliage,  and  the  com- 
monest blue  in  nature,  that  of  ";he  seldom-seen  open  sky, 
are  so  very  w' le-spread  and  50  nmch  more  strikingly 
ditlerent  from  one  another  than  most  blues  and  greens. 
Ijut  if  we  look  at  a  turquoise,  it  is  very  hard  to  say 
whether  we  should  ar^sign  it  to  the  former  or  the  latter 
colour  ;  wh'le  the  sea  is  just  as  often  the  one  as  the  other. 
The  original  assumption  of  some  natural  object  on  the 
borderland  between  the  two  as  the  concrete  name-standard 
would  quite  sulUciently  account  for  the  common  confusion 
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'  The  droi>i)ing  of  the  initial  I  is  naranja  ,  Arabic,  narauj),  or  the  cou- 

probably  due  to  its  b(>ing  mistaken  for  verso  insiaiices  of  a  newt  for  an  eft,  Ic 

tiio  definite  nrtiole    Vazur.    The  ana-  litrrc.  i<n-  I'icrre  (lieda-a)  will  occur  to 

logous  cases  of  an  adder  lor  a  nadder,  all  phil'<logical  readers. 
uudHH  orange  !or  tin  narange  (Spanisli, 
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between  tliem  in  langunge.  As  a  matter  of  fact,  Mr. 
AVhitniee  informs  me  that  the  word  for  blue  in  Samoan  is 
literally  sea-colour.  The  Welsh  use  glas  indiscriminately 
for  Loth ;  and  the  Assyrians,  according  to  Mr.  Sayce, 
described  green  as  either  blue  or  yellow ;  but  we  know  in 
(^ach  case  tliat  the  colours  themselves  were  or  are  acu -ately 
distinguished.  The  Quiche  Indians  had  also  one  word,  r«,>', 
for  green  and  blue  ;  ^  yet  there  can  be  little  doubt  of  their 
proper  porec^ptions.  I  believe  the  same  explanation  must 
be  oirered  uf  the  alleged  fact  that  the  Burmese  confuse 
these  two  central  colours ;  but  I  have  not  been  able  my- 
self to  examine  r)astian's  account,  and  the  gentlemen  in 
Burma  to  mIioui  I  addressed  inquiries  on  the  subject  did 
not  reply  to  my  circulars.  At  any  rate,  in  Burmese 
works  of  art,  blue  and  green  are  acurately  discriminated, 
and  blended  with  great  taste.  Certainly,  Professor 
lilackie  showed,  at  a  meeting  of  the  Royal  Society  of 
Edinburgh,  that  the  Highland  Scots,  who  call  sky  and 
grass  both  <)onn,  could  jjcrfectly  discriminate  bctw^een  the 
two  colours  when  tried  by  practical  tests.  It  may 
be  added  that  certain  hues  \vliich  we  ordinarily  class 
roughlv  together  as  reds,  for  instance  that  of  bricks  and 
that  of  some  light  pink  geraniums,  are  quite  as  far  apart 
from  one  anotlier  in  consciousness  as  the  green  of  the 
t;nierald  and  tlie  blue  of  the  sap^dure. 

Yellow  generally  takes  its  lirst  name  from  gold.  Ailtcuh 
is  the  common  Latin  epithet,  and  ijokJcn  hair  still  passes 
muster  in  everyday  colloquial  luiglish.  Von  Bezold  has 
shown  that  yellow  seldom  enters  into  decorative  art  except 
in  a  nuitallic  i'orm,  and  that  it  never  rises  to  the  same 
distinct  ajsthetic  prominence  as  red,  green,  and  blue.^ 

Green,  above  all  other  colours,  has  few  names  derived 
from  pigments,  because  it  is  .so  seldom  employed  for 
decorative  puv[)Oses.     jVIost  of  its  designations  are  directly 


'  Scherzor'»  Xiinenez,  p.  15,  note. 
'  Tlieory  of  Colours,  Anioiionn  translation,  jij).  138,  181,  194. 
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clt'iived  from  grass  or  leaves ;  the  remaiuJer  belong  origi- 
nally to  fruits,  to  the  sea,  or  to  precious  stones. 

And  now  we  have  reached  the  point  in  the  development 
of  the  colour-vocahuhuy  at  wliich  most  senii-civili.s(;d 
nations,  all  children,  and  the  mass  of  uneducated  adults, 
always  remain.  Six  colours  are  commonly  recognised  hy 
the  poi)ular  mind — black  and  white,  red  ami  blue,  green 
and  yellow.  The  lirst  pair,  of  course,  are  merely  words 
for  the  total  beam  and  its  negation ;  the  second  pair  form 
th.e  earliest  aesthetic  analytic  colours;  and  the  t^'  '^  com- 
plete the  ordinary  differentiation.  Add  grey  an*,  orown 
for  the  intermediate  or  muddily-mixed  shades,  aiid  we 
liave  the  full  colour-vocabulary  of  everyday  life.  Even 
tlie  educated  only  speak  of  scarlet,  crimson,  lilac,  and 
jmrple  under  exceptional  circumstances,  as  in  literary 
composition  or  for  technical  purposes;  but  to  the  mass  of 
mankind  these  lesser  distinctions  of  language  are  wlmlly 
unknown. 

Heraldry  has  stereotyped  this  conception  of  colour  in 
its  set  language  of  or  and  avijcnf ;  <ji'lcs,  azure,  and  rerf ; 
and  sable.  Here  we  iiave  two  metallic  colours,  those  of 
gold  and  silver;  and  four  non-metallic,  black,  red,  l)lu(>, 
und  green.  Of  the  latter,  one  name,  (jules,  is  of  oriental 
origin,  an(^,  doubtless,  points  to  some  imported  Arabic 
]ug!!icnt  (perhaps  vermilion) ;  one,  axure,  is  also  oriental, 
and  has  been  already  ex]ilain(!d ;  the  third,  /r?'^,  is  Latin 
and  imitative  ;  while  the  fourth,  sahlc,  is  derived  fi'oni 
zilicllhw,  sihclino,  or  n'lhcrini),  the  Siberian  fur.^  The  only 
compound  c(.ilour  known  in  heraldry  is  jnrrpirre,  while 
rair  and  rniiluc  are,  of  course,  mere  names  of  light  and 
shade  in  material. 

The  further  dilferentiation  of  tlic  cohnn*- vocabulary 
depends,  as  before,  upon  the  practical  needs  of  intercom- 
munication. It  is  most  developed  among  three  classes  of 
j)ersons.     The  first  class  is  that  of  dyers,  drapiers,  milliners, 
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.'lud  otliers  wlio  have  to  deal  with  coloured  articles  of 
clothing;  the''-  vocabulary  includes  numerous  words,  such 
as  cherry,  cerise,  la  tender,  lilac,  mauve,  solferino,  magenta, 
erni,  2}'i'imrose,  and  cardinal,  besides  purely  technical 
names  like  I'aris-in-f.avies.  As  might  be  expected  from 
the  usual  course  of  fashion,  a  large  proportion  of  these  are 
French.  The  second  class  includes  painters  and  other 
artists,  whose  colour-vocabulary  consists  largely  of  pig- 
ment names,  sucli  as  lake,  madder,  ultramarine,  carmine, 
Prussian  Hue,  (jamhotje,  and  ochre.  The  third  class  is  that 
of  scientific  physicists,  wliose  language  comprises  terms 
like  cyanogen-blue,  carnation,  indigo,  apple-grccn,  and 
snlpli'ur-yellov:.  It  may  be  added  that  the  introduction  of 
fresh  pigments  from  time  to  time  produces  a  direct  result 
in  enlariiing  one  or  other  of  these  various  lists.  Thus,  the 
common  use  of  aniline  dyes  at  the  present  day  has  given 
rise  to  a  considerable  number  of  new  colour-terms. 

Furthermore,  special  technical  colour-words  are  used  in 
restricted  senses  as  applied  to  animals  or  other  objects  by 
diilerent  trades.  Thus  the  names  chestnut,  lay,  sorrel,  and 
roan  are  only  used  of  horses;  while  black,  white,  grey,  and 
cream-coloured  are  employed  with  specialised  significa- 
tions of  the  same  animals.  Cats  claim  a  monopoly  of 
tortoise-shell ;  and  tan  (in  the  phrase  black  and  tan)  forms 
the  peculiar  property  of  terriers.  Hair  alone  is  auburn, 
and  only  eyes  are  hazel. 

It  may  be  interesting,  before  we  pass  away  from  this 
part  of  our  subject,  to  give  a  brief  formal  classification  of 
the  various  concrete  origins  from  which  abstract  colour- 
adjectives  have  been  derived.  I  shall  take  my  examples 
only  from  the  commonly-kuown  English  words. 

Two  main  classes  may  be  distinguished  —  the  Pig- 
mentary and  the  Metaphorical. 

I'i.'mentary  colour-names  fall  under  three  heads.  First, 
the  i.i.,i'^ri;l — ..svcnnilion,  crimson,  saffron,  indigo;  second, 
tlie  local  -  is  gahiroge,  Prussian  blue,  ]\iris green;  third,  the 
coiiv  iitionai  nr  artificial — as  magenta,  solferino,  cardinal. 
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The  last-iiaincd  liead  is  quite  modern,  and  of  slight  ]dii]()- 
lojirical  value.  It  belon"s  to  the  cooiscious  staw  of  wunl- 
inakinc:. 

Metaphorical  colour-names  fall  under  four  heads.  I'iist, 
elemental — as  sky-Uue,sca-grccn,i)iudihj.  Second, vegetal — 
as  (jrccn,  from  foliage;  as  pinli,  violet,  rose,  lavender,  2^ri/ii- 
rose,  lilac,  from  flowers;  as  orange,  cherr if,  chestnut,  ha -yl, 
from  fruits.  Third,  mineral — as  golden,  sUverg,  azure,  saji- 
jjhire,  I'lihg,  emerald,  turquoise,  aniethgst,  ariihcr,  and  Jetig ; 
with  which  we  may  fairly  class  certain  animal  epithets, 
such  as  coral,  ivorg,  and  pcarlg.  Fourth,  miscellaneous — 
as  scdjle,  sanguine,  snowg,  chocolate. 

And  now  we  must  pass  on  to  a  second  question,  the 
reason  for  the  great  vagueness  of  all  colour  terms. 

I  believe  the  solution  of  this  difllculty  is  to  Ix;  found  in 
the  nature  of  the  colour  sensations  themselves.  They  nrc 
nowhere  clearly  marked  off  from  one  another  by  definite 
lines.  The  solar  spectrum  contains  an  intinite  gradation 
<if  hues,  each  of  whicli  fades  into  its  neighbour  by  im- 
}>erceptible  degrees.  It  is  impossible  to  name  them  all, 
because  their  number  is  really  incalculable.  Hence  we 
are  reduced  practically  to  inventin'j  names  for  the  inusi, 
j)rominent. 

A  glance  at  the  other  senses  will  throw  much  light 
upon  the  present  problem.  In  taste,  we  distinguish  a 
fairly  large  number  of  sensations  by  separate  names-  - 
street,  hitter,  i^ungent,  sour,  an-id,  and  so  forth  ;  but  we 
have  no  separate  word  for  the  fliivour  of  a  peach,  a  straw- 
berry, and  a  grape.  We  refer  to  them  l»y  the  concrete 
name  of  the  object  as  a  whole,  just  as  jtrimitive  man  docs 
with  the  coh)urs.  In  smell,  we  liave  even  a  smaller 
numl)er  of  distinctive  terms,  for  we  only  sjieak  of  them 
as  sweet  or  stinking;  and  these  words  lefer,  not  to  ti](^ 
int(>lligible  qualities  of  the  scent,  but  simply  to  its  emo- 
tional iispeet.  In  hearing,  we  generally  iinploy  the  two 
<'X])ressions  liigh  and  luii\  or  their  equivaU'nts,  treble  and 
bass.     But  here  we  have  elaborated  for  special  technical 
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purposes  a  fur  more  accurate  and  quantitative  noineri- 
dalure;  a  nomenclature  infinitely  superior  to  that  of  any 
oilier  sense,  not  excepting  the  sense  of  colour.  The  divi- 
sion of  the  audible  gamut  into  octaves  and  notes,  further 
divisible  into  semitones,  and  for  very  discriminative  ears 
into  minor  fractions,  down  to  one-sixty-fourth  of  a  tone, 
enables  us  exactly  to  express  in  language  the  very  minu- 
test possible  varieties  of  sensation.  This  admirable  system 
of  nomenclature  is  rendered  practicable  by  the  peculiar 
constitution  of  the  ear,  and  by  its  special  adaptation  to 
tlie  reu'ular  harmonic  intervals. 

Tn  sight,  however,  no  such  minute  discrimination  is 
possible.  We  can  indeed  divide  straight  lines  into  inches, 
iialf-inches,  and  eighths-of-an-inch ;  while  the  microscope 
further  enables  us  to  discriminate  decimals,  hundredtlis, 
and  so  forth,  down  to  extremely  minute  fractions.  ]iut 
in  colour  our  eye  is  not  fitted  for  noting  at  once  the 
relative  distance  of  rays  in  the  spectrum,  as  our  ear  is 
fitted  for  noting  the  relative  distance  of  tones  in  the 
gamut.  Accordingly,  we  must  have  recourse  to  some 
artificial  system. 

Such  a  system  was  proposed  by  Chevreul  in  his  "Expose 
d'uu  moyen  de  definir  et  de  nommor  les  couleurs  d'apres 
\\\\\i  methode  rationale  et  experimentale;"  ^  l>ut,  unfortu- 
nately, that  great  chemist  took  for  his  basis  the  mixture  of 
piijmcnts,  not  that  of  7-(/i/s;-  and  his  method  is  consequently 
incorrect  and  insufficient. 

Another  plan,  in  common  use  amongst  physicists,  is  to 
drsignate  the  colours  by  their  proximity  to  one  of  the 
lettei'ed  lines  in  the  solar  spectrum.  Thus  cyanogen-blue 
may  be  approximately  defined  by  saying  that  it  lies  a 
little  to  die  violet  side  of  the  line  F.     But  this  plan  is,  of 
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'    Meinoires     de     rAcaduinic    dcs  Ik'lmlioltz'.s  classical  work  on  "  Pliy- 

Siiencos,  vol.  xxxiii.,  1861.  sii>]();,'ic!iH)i)tics."  The  English  rei.-lor 

-  For  i\nexi)liiuiitiou of  tliis  cardinal  will  lind  a  liicid  r/.sumi;  of  tlic  qiies- 

distinution,  too  funchiniental  for  ex-  tion  in  Professor  TynduU's  little  hook 

jiDsition  in  the  present  volume,  set)  "On  Lij^lit." 
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course,  too  indefinite  and  too  little  numericullv  a(3cunito 
for  scientific  use. 

The  only  perfect  method  would  consist  in  an  artificinl 
division  of  the  solar  spectrum  into  a  nuniher  of  oqual 
parts,  say  one  hundred,  and  the  invention  of  a  separate 
name  for  each  such  hundredth  part.  This  system  has 
heen  partially  carried  out,  tliou<,di  in  a  very  com[tlicated 
manner,  in  Lamhert's  colour-cone,  adopted  as  a  basis  hy 
llelmholtz  and  Clark  ?  lax  well.  The  only  further  modili- 
cation  required,  is  tliat  of  an  extended  numerical  nomen- 
ehiture. 

Before  "we  po  on  to  examine  the  application  of  the 
i;eneral  principles  here  laid  down  to  the  special  cases  of 
the  Hebrews  and  the  Homeric  Akhaians,  adduced  by  Dr. 
.Magnus  and  Mr.  Gladstone,  it  mav  be  worth  while  to 
^^lance  brielly  at  the  special  poetical  effectiveness  of  the 
colour-vocabulary.  As  the  authors  of  the  Akhaian  epics, 
and  of  many  among'  the  ]Iebrew  books,  were  themselves 
])()ets,  the  use  of  colour  terms  by  other  poets  may  heb 
us  to  estimate  more  correctly  the  true  value  of  tin. 
evidence  in  their  cases. 

lied  is  pre-eminently,  and  beyond  all  comparison,  the 
])oetical  colour.  It  is  applied  to  every  o])ject  which  by 
any  straining  of  courtesy  can  possibly  be  conceived  as 
])ossessing  it;  and  it  is  often  attributed  to  other  objects 
which  have  no  claim  whatsoever  to  the  title.  Thus  we 
have  red  gold,  red  lions,  red  right  luuuls,  red  kings,  the 
red  Douglas,  and  even  red  wrath.  The  great  red  sun 
sinks  nightly,  amid  red  clouds,  into  the  red  waters  of  the 
sea.  liosy-lingered  dawn  spreads  crimson  glories  over  the 
empyrean;  the  scarlet  flush  of  eventide  encarnadines  the 
liery  sky.  A  great  many  reasons  I'onspire  to  produce  this 
etrect.  In  the  lirst  place,  red,  as  we  have  abundantly 
seen,  is  the  most  universally  pleasing  of  all  colours.  Then 
again,  it  was  the  liist  colour  emi)loyed  in  art-workmaii- 
sliip,  and  so,  as  Mr.  Gladstone  grajdiically  puts  it,  "got 
the  start "  of  all  the  others.     This  furtiier  secured  it  a 
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certain  poetical  prescriptivcucss,  especially  as  a  stoA 
epithet  in  some  well-known  conjunctions,  like  those 
noted  above.  Finally,  its  special  use  as  an  adjunct  of 
royalty  or  state  ceremonial  ^nves  it  a  i)eculiar  claim  tu 
ptjctical  use. 

Now,  I  am  not  a  great  believer  in  that  system  of  word- 
countinij;  which  is  so  favourite  a  device  with  Mr.  Glad- 
stone. It  appears  to  me  a  fallacious  and  illegitimate 
application  of  seemingly  rigorous  statistical  methods,  for 
the  value  of  the  word  can  never  be  properly  appreciated 
apart  from  its  context.  Xevertheless,  in  order  to  meet 
the  enemy  with  his  own  weapons,  1  have  counted  up 
all  the  colour-epithets  in  Mr.  Swinl)urne's  "  Poems  and 
IJallads,"  a  volume  which  1  have  purposely  selected, 
because  it  represents  the  spirt  of  traditional  poetry  in  its 
purest  form.  1  find  the  results  to  be  as  follows: — The 
word  red  occurs  in  all  151  times,  together  with  rosy,  crim- 
fi(m,  once  each,  and  sa/ii/iilne,  ruddy,  scarlet,  twice  each : 
toLvi.  af  the  pure  red  epithets,  159.  lV//o/y  is  mentioned 
13  thmis,  taicny  oucc ;  but  the  more  poetical  word  yuld 
numbers  113  repetitions,  and  yoldcn  16:  tutal  of  the 
yellow  epithets.  143.  rurj/le  comes  in  for  23  notices. 
(Irand  total  of  d-end  epithets,  325.  On  the  other  hand 
hlvr.  occurs  25  naies,  and  vlobt  once;  total,  26.  Clrecn 
obtains  mention  in  86  places.  Total  of  the  violet-end 
epithets,  no.  The  only  other  colour  tei'in  is  hrow.%  em- 
ph)yed  10  times.  Xow,  I  acknowledge  that  tliis  is  an  ex 
parte  statement,  for  ihree  reasons :  I  have  reckoned  the 
woi'd  ffold,  which  is  sometimes  a  noun  and  sometimes  an 
adjective,  as  though  it  were  always  the  latter;  I  have 
counted  |??r;y>/6' as  a  red-end  word,  though  it  might  ecpially 
claim  to  belong  to  tlie  violet;  and  1  have  clubbed  together 
red  and  yellow.  Ihit  Mr.  Clladstone  also  makes  ex  parte 
statements,  and  mine  seem  to  me  much  more  justifiable 
than  his.  For  gold  is  undoubtedly  a  favourite  word  in 
])oetry,  largely  on  account  of  its  colour  and  glitter  ;  purph; 
undoubtedly  owes  its  effectiveness  to  its  red,  not  to  its 
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blue  element;  and  the  yellow  of  golden  is  a  colour  wliich 
may  very  fairly  rank  with  red  ar^d  orange.  On  the  other 
hand,  I  have  allowed  all  the  greens,  though  many  of  them 
are  not  colour-words  at  all,  and  though  the  number  of 
objects  which  may  properly  be  called  green  is  out  of  all 
proportion  to  the  number  of  objects  which  may  properly 
be  called  red.  The  true  significance  of  the  list  is  best 
seen  by  comparing  the  2^  blues  witii  the  151  rcfls.  To 
adopt  the  statistical  form,  we  might  say  (if  we  chose  to 
reckon  the  unreckonable)  that  red  is  500  per  cent,  more 
])oetical  than  blue ! 

For  com[)arison  with  these  results,  I  have  also  cxtractctl 
the  colour-words  from  M'r.  Tennvson's  *'  Princess,"  and  I 
find  they  stand  in  the  following  proportions: — lied  occurs 
10  times,  vrimson  3,  rosy  3,  rosed  (as  an  adjective)  once, 
Tuhy  once,  and  rubric  once;  while  the  verb  to  redden  has 
also  one  mention.  6Wf/c?i  is  employed  13  times,  gold  y, 
gilded.  3,  gilt  twice,  yellow  once,  orange  once,  and  the  verb 
to  gild  once.  Furplc  occurs  6  imiQii,  purpled  once,  and  ein- 
purplcd  once.  Total  of  the  red-end  epithets,  56.  On  the 
other  hand,  green  is  used  5  times  (not  always  as  a  colour 
term),  blue  once,  azure  tliree  times,  lilac  once,  and  vioht 
once.  Total  of  the  violet-end  epithets,  11.  So  that  ls,\v. 
Tennyson  also  linds  red  and  yellow  just  live  times  as 
poetical  as  green  and  blue. 

There  are,  however,  some  other  more  useful  deductions 
to  be  made  from  the  above  lists.  Observe,  in  ]\Ir.  Swin- 
l)urne's  case,  the  want  of  variety,  the  paucity  of  colour 
terms  as  a  whole — the  total  absence  of  orange^  lilac,  pink, 
azure,  saffron,  vermilion,  or  lavender.  This  absence  is  duo 
to  tlie  fact  that  Air.  Swinburne  faithfully  echoes  the  old 
ballad  poetry,  with  its  relatively  poor  but  strong  voca- 
bulary— its  ]ireference  of  bold  outline  to  finished  detad. 
There  are  none  of  the  conventional  ])rettinesses  of  the 
eighteenth  century ;  none  of  the  retiued  distinctions  of  our 
modern  miniature  word-painters.  Mr.  Tennyson  puts  iu 
colour  phrases  with  the  fidelity  of  a  Dutch  landscape ; 
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Itul  Mr.  Swinlniriic  thn)ws  on  liia  liroail  contrasts  with  tbo 
rich  sensuousncss  of  an  E,ii;yptian  or  IMetliioval  colourist. 

Obscrvo,  too,  the  preponderance  in  both  i)oct.s  of  (jold 
and  ijuldai.  The  secret  of  this  peculiarity  is  to  be  founil 
in  the  emotional  associations  of  (iostlinoss  wliicli  the  words 
sii<4o-est.  So  we  iind  the  poets  (especially  the  coniiiion- 
place)  are  fond  of  silvery  locks,  coral  lips,  sa])phire  seas, 
ruby  wine,  emerald  eyes,  amlier  tresses,  ebon  locks,  })early 
L'teth,  and  ivory  brows.  All  these  points  serve  to  elucidate 
the  real  nature  of  the  poetic  colour-vocabulary.  It  is 
anthaic,  it  seeks  immediate  effect,  and  it  lays  stress  upon 
associated  emotions. 

In  order  fur'lier  to  impress  these  facts,  I  have  analysed 
11  few  examples  of  well-known  Ennlish  poetry,  and  ex- 
tracted the  colour  terms,  or  words  bearing  on  colour,  and 
with  the  following  results  : — 

The  first  two  books  of  Mr.  R  T.  Palgrave's  "Golden 
Treasury  of  Songs  and  Lyrics,"  embracing  the  Elizabethan 
and  Miltonic  periods,  contain  :  pure  colour-epithets — red  8 
I'wwQ?,,  (jrcm  6,  hluc  i6,  yellow  4;  impure  colour-epithets — 
hi  unking  2,  crimson  2,  ruby  2,  vermeil  2,  hricJ,-//  i,  saivni.ine 
I,  rony  3,  cramasic  i,  russet  ly^iurple  4,  oraayc  i,  sujj'ron  i, 
ijoldcn  IT),  fjildcd  i,  greenish  i,  and  azure  I.  JF/uYc  occurs 
in  18  places,  hlaelc  in  6,  snowy  2,  winter  i,  sahle  4,  chon  i, 
.sirart  i,  grey  3,  hrown  2,  and  nut-hrown  I.  Among  con- 
crete coloured  objects,  flower  is  mentioned  28  times,  ^;o5y 
twice,  and  Uossoni  once ;  rose  21,  lily  7,  daffodil  2,  daivj  3, 
I'iolet  4,  2}rimrose  2,  couslip  i,  may  i,  pansy  i,  u-oodhiac  i, 
jessamine  i,  eruw-toe  i,  j)inl^  i,  garland  4,  and  flowi ry  2. 
Cherry  occurs  6  times.  Gold  counts  iov6,pearl  6,  diamond 
I,  coral  5,  amber  2,  sapphire  3,  silver  8,  ivory  i,and  erytiial 
8.  Sunset  and  rainbow  are  mentioned  once  each.  The 
only  other  words  suggesting  colour  are  ensaffron  and 
'variable  in  the  sense  of  variegated. 

This  list,  I  think,  serves  to  show  two  or  three  of  our 
nuiin  points.  In  the  first  place,  it  is  ([uite  clear  that  if 
we  take  the  various  red  and  yellow  adjectives,  and  their 
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coiTespoiuliug  coiicrettjs,  tlioy  enormou.sly  oulniiinht  r  iIk; 
greens  and  blues.  Next,  it  is  instructive  as  .slKJwiui,'  how 
unfair  is  an  enumeration  by  simple  epithets  alone.  Ai^ain, 
the  minibur  of  metaphorical  colour  words  which  it  contains 
must  strike  us  at  once.  And,  lastly,  the  number  of  allu- 
sions to  ^'ems,  or  their  organic  equivalents,  is  very  great. 

Gray's  "  Uard  "  yields  as  follows : — cmnso7i,  iiuldy,  blush- 
hi,;/,  and  golden,  once  each,  sable  twice.  Shelley's  "  Skylark, " 
liuldeii  twice,  purj^le,  green,  blue,  ivhite,  and  sili'i  r,  once 
each.  Shelley's  "  Kugancan  Hills,"  tjreen  three  times,  ocd, 
purple,  and  i/oldcii  twice  each,  erliimm,  blue,  azure,  yajiphire- 
tinted,  black  and  (jrey  once  each.  Total,  red  and  yellow 
14  times,  blue  and  green  8  times.  1  obtain  pretty  similar 
proportions  in  many  other  eases. 

And  now  let  us  turn  to  our  final  question — the  examina- 
tion of  the  H(»meric  and  Ilebi-ew  colour-vocabulary. 

As  regards  the  Akhaians,  Mr.  Gladstone  tells  us  thnt 
they  could  not  have  understood  real  colours  by  their 
ai)pareut  ef)lour  terms,  because  the  words  are  used  so 
loosely.  An  adjective  here  applied  to  a  red  object  is  there 
applied  to  a  black  one.  Here,  green  means  green  ;  there, 
it  means  fresh  or  young.  So  be  it.  Has  i\Ir.  Gladstone 
never  heard  of  red  blood,  red  skies,  red  bricks,  and  red 
Indians?  Do  Englishmen  never  talk  of  a  green  old  age, 
or  Americans  of  green  corn,  which  is  really  pale  yellow  ? 
Is  not  red  blood  confronted  with  sangve  azul,  and  red  M'iiie 
with  the 2)''(ii  i'hi  bleu!  When  an  untrained  speaker  talks 
of  piirjde  does  he  not  mean  violet,  and  when  he  talks  of 
violet  does  he  not  mean  ultramarine  ?  Did  any  nuin  ever 
really  possess  red  hair  or  blue  eyes  i  In  short,  are  not 
colour  terms  always  vague,  and  are  they  not  vaguer 
in  the  idealised  language  of  poetry  than  anywhere  else  ? 
The  later  Greeks  were  themselves  aware  of  the  deficiency 
in  their  colour-vocabulary,  as  is  shown  by  a  passage  in 
Athenteus  ("  Deipnosophists,"  xviii,  31).'^    Mr.  Gladstone's 

'  My  attention  was  called  to  this  son  Smith  in  "Nature,"  Deccmlitir 
liii-isiiy:e  by  ii  note  of  I'rofessor  Hubert-    Otli,  1S77. 
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mkroscope  has  brought  out  one  result,  let  us  see  what 
result  tlie  comparative  method  will  bring  out  on  the  other 
hand.  I  shall  take  the  liberty  of  dogmatising  in  opposi- 
tion to  his  dogmatism,  and  I  shall  leave  the  decision  be- 
tween us  in  the  hands  of  the  critical  reader.^ 

The  Homeric  Akhaians  were  a  sub-barbaric  race,  who 
had  reached  the  stage  of  culture  at  whicli  the  use  of  pig- 
ments is  practised,  but  who  only  employed  red  and  a 
reddish  purple  in  staining  or  dyeing.  Their  colour- vocabu- 
lary is  exactly  accommodated  to  such  a  stage.  One  true 
abstract  adjective  exists  for  the  colour  red;  two  pigmentary 
adjectives  express  the  red  dye  and  tlic  reddish  purple  dye ; 
a  second  abstract  adjective  denotes  yellow  ;  and  all  other 
hues  are  designated  by  metaphorical  colour-terms.  Fur- 
thermore, light  and  shade  adjectives  and  glitter  adjectives 
naturally  preponderate  over  true  colour  epithets  ;  because 
metals  and  precious  stones,  together  with  such  other 
similar  objects  as  ivory  and  horn,  were  more  prized  than 
dyec  or  pigments. 

The  abstract  red  colour  epithet  is  cruthros.  This  is  an 
ancient  Aryan  word,  whose  derivatives  express  the  idea 
of  redness  in  all  the  languages  in  wliich  they  occur.  It 
M'ould  be  hopeless  now  to  decide  whether  it  was  originally 
a  pigmentary  or  a  metaphorical  adjective.  Long  before 
the  age  at  which  the  Homeric  ballad-writers  lived,  it  had 
become  a  true  abstract  word.  That  it  meant  red  and 
nothing  else  is  clear,  not  only  from  the  cognate  languages, 
but  also  from  its  being  applied  to  only  four  objects, 
namely,  copper  (Iliad,  ix.  365),  nectar  (Iliad,  xix.  38; 
Odyssey,  v.  93),  wine  (Odyssey,  v.  165  ;  ix.  163,  208  ;  xii. 
19,  327  ;  xiii.  69;  and  xvi.  444),  and  blood  (Iliad,  x.  484; 
xxi.  21),  every  one  of  which  is  red.     When  we  say  red 


'  Were  this  n  mere  Hpccialist  ques-  tlicmLy  comparison  with  the  language 

tion  of  Greek  scholarsliip  1  would  not  and  tlie  arts  of  people  in  acorrespond- 

for  a  moment  claim  to  be  heard  upon  ing  stage  of  culture  elsewhere.     The 

it.     I  make  no  pretensions  to  minute  matter  is  one  for  the  ethnologist  and 

classical  knowledge;  but  I  can  read  the  psyc.iologist,  not  for  the  professed 

my  Homeric  autliors,   and   1    judge  Grecian. 
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wc  mean  red,  and  not  crimson,  scarlet,  russet,  or  any  sub- 
species. 

The  red  pigmentary  epitliet  is  some  compound  of 
phoinix.  What  the  material  so  named  may  have  been 
we  cannot  know  with  certainty ;  hut  the  uses  of  the  word 
show  clearly  that  it  was  a  bright  scarlet.  In  Iliad,  iv.  141, 
it  is  mentioned  as  a  stain  employed  in  decorating  ivory 
to  form  an  adjunct  of  chieftainship,  and  its  colour  is  there 
described  as  like  that  of  fresh  blood,  flowing  from  an  open 
wound.  Nothing  could  be  clearer  or  more  explicit  than 
this,  and  nobody  but  a  theory-maker  could  mistake  its 
meaning.  That  one  passage  is  quite  enough  to  show 
that  the  Akhaians  saw  red.  To  suppose  that  a  race 
devoid  of  colour-sense  would  take  the  trouble  to  use  dves 
is  about  as  rational  as  to  suppose  that  a  race  of  deaf-mutes 
would  spend  their  time  in  the  manufacture  of  pianos. 
Elsewhere  the  word  (or  its  derivative)  is  applied  to  a  red 
horse  and  a  red  lion.  As  a  blood  epithet  it  occurs  in  one 
form  or  another  six  times  (Iliad,  xii.  202,  220;  xvi.  159; 
xviii.  538;  xxiii.  716;  Odyssey,  xviii.  96).  It  is  also 
used  for  cloaks  and  mantles,  which  are  never  called 
erutliros,  and  for  a  very  good  reason ;  the  pure  abstract 
colour  epithet  is  applied  to  wine,  copper,  and  blood,  which 
are  self-coloured;  but  the  pigmentary  adjective  is  natu- 
rally given  to  the  artificial  objects  stained  with  it.  Thus 
the  girdle  in  Iliad,  vi.  219;  vii.  305  and  Odyssey,  xxiii. 
201,  is  said  to  be  dyed  with  phoinix.  So,  too,  are  the 
prows  of  ships,  like  the  war-canoes  of  so  many  savage 
tril)es,  in  the  phrase  p>1ioinikopareos.  Of  course,  the  word  is 
sometimes  extended  to  naturally-coloured  objects — blood, 
horses,  and  jackals — but  the  primitive  pigmentary  sense 
is  pronounced  throughout,  and  the  transference  is  too 
easy  and  simple  to  call  for  special  explanation. 

A  minor  red  pigmentary  adjective  is  miltopar6os,  also 
applied  to  the  war-canoes.  Tiie  milt  may  very  likely 
have  been  an  ochreous  earth.  It  occurs  in  too  specialised 
a  connection  to  hazard  a  guess  upon  its  exact  hue. 
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TliG  reddish  purp'e  pigmentary  adjective  is  iiorpharroa. 
Ti.cre  is  very  little  reason  to  doubt  that  tliis  applies  to 
the  Tyrian  murex  dye.  At  any  rate,  it  was  a  stain  ein- 
])loyed  for  artificial  colouring,  and  its  derivation  is  from  a 
verb  meaning  <o  mix  to'jdhcr,  or,  more  literally,  to  middlc- 
muddlc.  Its  commonest  use  is  in  connection  with  clotbin'j, 
especially  the  clothing  of  the  chieftains.  •  The  word  is 
employed  as  an  epithet  of  carpets  (Iliad,  ix.  2C0,  Odyssey, 
XX.  278),  coverlets  (Iliad,  xxiv.  643),  mantles  (Odyssey,  xi.\. 
225),  cloaks  (Iliad,  viii.  221,  Odyssey,  viii.  85),  clothin;j; 
(Odyss(;y,  xiii.  108),  gowns  (Iliad,  xxiv.  796),  the  web  in 
spinning  (Iliad,  iii.  125;  xxii.  441),  and  the  wool  on  the 
distair  (Odyssey,  vi.  53,  306).  It  is  also  applied  to  a  sort 
of  cricket  ball  (Odyssey,  viii.  373).  In  all  these  cases,  it 
refers  to  objects  actually  dyed  with  the  pigment.  As  a 
secondary  colour  epithet  it  occurs  with  reference  to  the 
purple  rainbow  (Iliad,  xvii.  547),  the  purple  stream  of 
blood  (Iliad,  xvii.  361),  the  purple  sea  (Iliad,  i.  482,  and 
three  times  elsewhere),  and  the  purpling  of  the  soul  in 
terror  (Iliad,  xxi.  551). 

The  other  red  epithets  are  metaphorical.  They  include 
"rose-like"  rhodocis,  "wine-faced"  oinops,  and  "pretty- 
cheeked  "  kallipareos. 

The  abstract  yellow  colour  epithet  is  xanthos.  It  is 
applied  to  human  hair,  to  horses,  and  to  the  brook  of  that 
name.  But  in  the  Homeric  poems,  as  in  all  other  poetical 
writing,  yellow  is  generally  described  by  gold  or  golden. 

Blue  has  only  two  words,  both  metaphorical.  The  first, 
hualdnthinos,  is  derived  from  some  flower,  possibly  a 
hyacinth.  It  occurs  but  sparingly.  The  second  word,  iocis 
or  ioeides,  is  undoubtedly  the  colour  of  the  violet — that  is, 
ultramarine.  The  sea  is  three  times  spoken  of  as  "  violet- 
faced  "  (Iliad,  ix.  29S  ;  Odyssey,  v.  55  ;  xi.  106),  and  it  can- 
not be  denied  that  the  sea  is  sometimes  (though  rarely)  blue. 
'  Violetish '  is  also  used  of  blue  steel.  We  must  rcmembei'. 
in  this  connection,  that  the  pottery  of  Troy  and  Mycena- 
is  coloured  red  atid  yellow,  never  blue.  But  once,  in 
Odyssey,   iv.   i'',5,  we  get  the  startling  word,  iodnephcs, 
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*  viulGt-diukencd,"  or  dyed  blue,  ap]ilied  to  wool.  1'liis 
would  seem  as  though  towards  the  close  of  the  epic  peridd, 
when  the  Odysseiin  ballads  were  coiiii)Osed,  a  blue  dye 
began  to  make  its  appearance.  On  this  point  we  shall  find 
hereafter  a  Hebrew  analogy. 

Green  is  always  designated  by  "  grass-like "  {kldoros). 
The  derivation  is  froux  Ichloc,  herbage.  The  word  is  seldom 
applied  to  literally  green  objects,  because  such  are  generally 
leaves  or  other  vegetal  products,  of  which  the  name  alone 
is  sufficient  to  describe  the  colour.  The  ballad-make i- 
loves  to  dwell  on  red  wine,  scarlet  robes,  purple  carpets, 
golden  helmets,  glistening  bronze ;  but  why  should  \hi 
need  to  tell  us  about  the  common  green  leaves  or  the 
blue  sky  overhead?  These  things  uelong  to  the  poetry  of 
civilised  man,  the  town  dweller;  but  they  hnd  no  natural 
])lace  in  tlie  rude  songs  which  tell  the  tale  of  savage  royalty 
and  bloody  lights. 

Herein  we  get  the  real  secret  of  tlie  Akhaian  colour 
nomenclature.  The  many  brilliant  objects  of  externid 
nature  for  which  we  require  such  varied  names — the 
ilowers,  tlie  birds,  the  butteiilies — these  were  of  little 
importance  in  the  eyes  of  those  bloodthirsty  warriors, 
whose  greatest  joy  was  the  hliarme,  the  battle-ecstasy,  the 
delight  in  slaying.  Only  a  very  few  flowers  have  separate 
names  in  the  poet's  vocabulary :  as  a  rule  mere  vague 
references  suffice  for  all  his  needs.  The  objects  whicli  he 
most  wishes  to  describe  are  men,  horses,  cattle,  whose 
hues  are  indefinite,  impure,  and  very  variable  in  different 
individuals.  Bronze,  gold,  silver,  garments,  war-canoes, 
royal  furniture,  sceptres,  and  rude  palaces,  these  supply 
him  with  a  few  epithets  of  dyes  or  natural  colours.  But 
when  he  turns  to  nature,  it  is  the  great  wholes  alone 
which  attract  his  attention ;  the  sea,  white,  or  blue,  or 
green,  or  grey,  or  purple,  in  its  changeful  moods  ;  the  sky, 
coppery,  or  azure,  or  leaden,  or  black  with  storm-clouds, 
or  crimson  with  the  sunset,  or  gilded  with  the  rays  of 
dawn.      Earth,  mountains,  rivers,  sands,  and  rocks,  all 
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these  afford  liim  no  fixed  and  regular  sensations.  Hencr? 
his  language  is  necessarily  indefinite  and  vague,  Tlie 
ei)itliet  that  suited  the  sea  in  this  line  suits  the  sky  in 
that.  What  is  the  colour  of  a  horse,  of  a  cow,  of  tl. '-. 
human  race,  of  water,  of  clouds,  of  the  sliip  under  weigh  ? 
lied,  or  black,  or  white,  or  grey,  or  what  you  will. 

In  truth,  the  primitive  man  shows  his  acute  colour 
perceptions  by  the  accurate  manner  in  which  he  detects 
faint  undertones  of  hues  hardly  suspected  at  a  first  rough 
glance.  How  sharp  is  the  eye  which  notes  the  almost 
imperceptible  tinge  of  greenness  in  the  face  of  fear,  and 
likens  it  at  once  to  the  full  green  of  grass  ?  How  keen  is 
the  sense  which  catches  the  slight  difference  of  shade 
between  the  black  Douglas  and  the  red  Douglas,  between 
the  O'Connor  Don  and  the  O'Connor  Roe !  The  most 
insignificant  trace  of  ruddiness  in  the  soil  entitles  a  place 
to  be  called  Edom,  Eruthrai,  or  Rutland;  the  merest 
suspicion  of  yellow  gives  us  such  names  as  Xanthos  and 
Ifoang  Ho.  In  short,  if  one  object  be  a  little  darker  than 
another,  the  quick-minded  savage  calls  it  black ;  if  it  have 
a  tiny  infusion  of  blueness,  he  says  it  is  sky-fa.ced. 

As  for  the  indirect  traces  of  colour-perception  in  the 
Homeric  poems,  I  need  only  point  to  such  casual  references 
in  the  Iliad  as  "saffron-robed  Dawn"  (Iliad,  viii.  i);  the 
many-coloured  metals  of  Agamemnon's  armour  (xi.  15); 
the  jewelled  girdle  of  Aphrodite  (xiv.  181);  the  silver, 
gold,  bronze,  and  tin  of  Akhilles'  shield  (xviii.  474) ;  or 
the  cup,  "  wrought  by  cunning  Sidonian  workmen,  and 
brought  by  Phccnician  men  across  the  sky-blue  sea" 
(xxiii.  743).  Then  there  are  the  occasional  references  to 
llowers,  roses,  violets,  hyacinths,  and  crocuses.  But 
perhaps  the  best  proof  of  all  is  that  afforded  by  the 
wardrobe  of  Hekabe,  "  wherein  were  her  many-coloured 
(pampoilciloi)  robes,  Sidonian  women's  work,  which  god- 
like Alexander  brought  himself  from  Sidon-land,  sailing 
aicross  the  mighty  sea."  Amongst  all  these,  Hekabe  chose 
for  Athene  "  that  which  was  loveliest  in   figured   dyes 
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(poildlmasin),  and  largest  eke,  and  as  some  star  it  shone  ;  " 
and  rosy-cheeked  Theano  laid  it  on  the  knees  of  the 
golden-haired,  hazel-eyed  goddess.  How  singularly  appro- 
priate; all  these  phrases  would  sound  in  the  mouth  of  a 
poet  who  did  not  know  one  colour  from  another ! 

And  now  let  us  pass  on  to  Geiger's  instance  of  the 
ancient  Hebrews.  Here  I  can  only  trust  to  the  Authorised 
Version  of  the  early  books,  for  1  am  no  Hebraist ;  but  I 
Lave  secured  the  kind  assistance  of  a  distinguished 
specialist,  the  Rev.  T.  K.  Cheyne,  and  I  venture  to  submit 
mv  results  as  follows : — 

Tiie  Hebrews  of  the  kingly  age  were  one  step  in  advance 
of  the  Homeric  Akhaians,  as  regards  their  employment  of 
pigments,  and  the  wealth  of  their  colour-vocabulary.  This 
might  naturally  be  expected  from  their  closer  connection 
with  the  civilised  comnmnities  of  Egypt  and  Assyria. 
Tliey  appear  to  have  employed  three  pigments,  a  red,  a 
purple,  and  a  blue;  and  tliey  had  a  word  in  common  use 
for  green. 

The  history  (or  legend)  of  the  Tabernacle  gives  an  account 
of  the  objects  to  be  offered  for  sacred  purposes,  which  in- 
clude "  gold,  and  silver,  and  brass ;  and  Uae,  and  purple, 
and  scarlet;  and  line  linen,  and  goats'  liair;  and  mms' 
tikins  dyed  red,  and  badgers'  skins  ;  and  shittim  wood;  oil 
I'or  the  light,  spices  for  anointing  oil,  and  for  sweet  incense; 
onyx  stones,  and  stones  to  be  set  in  the  ephod  and  in  the 
breastplate."  ^  The  curtains  of  the  Tabernacle  were  to  be 
made  of  "fine  twined  linen,  and  blue  and  purple  and 
scarlet," 2  and  fringed  with  "loops  of  blue."  The  same 
stereotyped  conjunction  of  "  Idue  and  purple  and  scarlet" 
reappears,  with  true  Hebrew  monotony,  in  the  veil  (Exod. 
xxvi.  31),  the  hanging  for  the  door  (xxvi.  36),  the  gate 
cif  the  court  (xxvii.  16),  and  elsewhere  during  the  subse- 

'  Exod.  XXV.  4-7.     1   have  quottd  course,  the  date  of  its  composition  is 

thi8  puB8!i^'e  entire,  because  it  illus-  i)urely  conjecturiJ. 
trates  well  the  aesthetic  staj^e  of  tlie         "  I  hid.  xxvi.  i. 
time  wlieii  it  w.is  written,  tliough,  of 
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quent  cliapteis  no  less  than  nine  times.     Various  minor 
j)Oi'tion.s  of  the  sucerdotr^  costume  are  specially  restrictcMl 
to  one  liue.      (Johl  and  other  precious  objects  occur  iu' 
profusion. 

The  account  of  Solomon's  Temple  shows  the  same  tlireo 
prevalent  colours,  and  no  others,  used  as  pigments.'  As 
liefore,  the  veil  was  made  "  of  blue  and  purple  and  crim- 
son and  fine  linen,"-'  under  the  direction  of  a  half-casto 
Pluenician,  whose  father  was  a  man  of  Tyre,  "skilful  to 
work  iu  gold  and  in  silver,  in  brass,  in  iron,  in  stone,  and 
in  timber;  in  purple,  in  blue,  and  in  line  linen,  and  in 
crimson ;  also  to  grave  any  manner  of  graving,  and  to  find 
out  every  device.""'  To  multiply  examples  would  only 
prove  tedious  to  the  reader,  without  adding  materially  to 
tiie  argument. 

T  learn  from  Mr.  Cheyne  that  these  words  might  bo 
more  correctly  translated  hluc-2nu'ple,  rcd-2)Hrple,  and  crim- 
son. The  first  two  colours  were  obtained  from  niollusca, 
and  the  third  from  the  cochineal-insect.  The  derivations 
of  the  words  meaning  hluc-2mrple  and  nd-purplc  are  un- 
known, bv.t  ♦^hey  (>':oar  in  the  same  combination  in  Assy- 
rian ;  that  of  lue  third  is  from  the  Hebrew  word  for  "  a 
worm."  The  term  translated  crimson  in  the  Clironicles  is 
a  later  name  for  the  same  colour  which  is  called  scarlet  iu 
Kxodus,  and  its  origin  is  perhaps  Persian. 

Furthermore,  the  allusions  to  precious  stones  (whether' 
the  words  referring  to  them  be  correctly  translated  in 
every  case  or  otherwise)  clearly  exhibit  the  asthetio 
standing  of  the  people.  The  breastplate  of  judgment  con- 
tained twelve  jewels — sardius,  topaz,  carbuncle,  emerald, 
sapphire,  diamond,  ligure,  agate,  amethyst,  beryl,  onyx, 


'  I  give  no  opinion  upon  the  cliro-  colour  perception  among  the  Hebrews 

nologiciil    and    historical    question,  .is  the  existence  of  Agamemnon  or  the 

hecause  I  am  not  competent  to  form  personality  of  the  supposed  Honier 

one.     The  thtte  of  the  writer  and  the  with  the  same  fact  among  the  early 

credibility  of  the  narrative,  however,  Akhaians. 

have  as  little  to  do  with  the  fact  of  -  aChron.  iii.  15,  ctal.    'Ibid.  ii.  14. 
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'and  jasper.^  Tlie  jewel  called  sapphire  was  certainly 
blue;  for  the  "God  of  Israel"  is  described  as  standing  on 
"  a  paved  work  of  sapphire  stone  " — in  other  words,  on  the 
solid  firmament.^  Solomon's  Temple  wus  "garnished  with 
-^locious  stones  for  beauty,""'  and  other  notices  of  tiie 
.ame  sort  occur  elsewhere. 

Besides  these  directly  ursthetic  accounts,  we  find  scat- 
tered colour  terms  throughout  all  the  books.  In  the  very 
early  myth  of  Joseph  wo  read  of  a  "  coat  of  many  colours."* 
"Ribbands  of  blue"  were  enjoined  on  the  people  in  the 
desert."  llahab  agrees  with  the  spies  to  hang  out  "  scarlet 
•thread  "  as  a  signal."  Tamar  wears  a  "  garment  of  divers 
colours,  for  with  such  robes  v/ere  the  king's  virgin  daugh- 
ters apparelled."'^  Aholah,  in  Ezekiel's  fable,  doted  on  her 
lovers,  the  Assyrians,  who  were  "clothed  in  blue;"^  and 
Aholibah  on  "  the  images  of  the  Clialdeans  pourtrayed 
with  vermilion,"  "exceeding  in  dyed  attire  upon  their 
heads."  Much  doubt  hangs  over  the  first  and  fourth  of 
tliese  renderings;  but  I  give  them  in  the  words  of  the 
Authorised  Version  (preserving  the  traditional  belief)  for 
what  they  may  be  worth. 

Green,  however,  is  never  mentioned  during  the  native 
kingly  period  as  a  decorative  colour.  "  Green  pastures  " 
in  Psalm  xxiii.  2,  "  might  be  better  translated  '  tender 
grass;'  "  but  we  must  remember  that  almost  all  words  for 
green  originally  refer  to  growth  or  freshness.  On  the 
other  hand,  the  "  green  herb "  in  Gen.  i.  30  (literally 
"  every  greenness  of  herbage  ")  has  the  notion  of  colour 
original,  according  to  Mr.  Cheyne,  "  or  at  least  early 
reached  by  usage."  The  ccrrespondiiig  word  in  Arabic,  a 
leading  scholar  in  that  language  informs  us,  means  rather 
f,rey  than  green :  and  this  vagueness  is  exactly  paralleled 
by  that  of  the  Greek  hhloros.  Both  cases  show,  not  that 
green  was  unperceived,  but  that  it  ranked  low  in  a3Sthetic 
value. 


'  Exod.  xxix.  17.     2  Ibid.,  xxiv.  10. 
'  2  Chron.  iii.  6.     *  Geu.  xxxvii.  3. 


'  Numb.  XV.  38.       «  Josh.  ii.  18. 
^  2  Sam.  xiii.  18.     ^  £zek.  xxiii.  6. 
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Yet  though  j,aGen  found  no  place  in  the  decorations  of 
the  Tabcrniicle  or  the  Teniiilo,  it  is  once  mentioned  in 
the  Aulhoriscid  Version,  anionj^  the  ornaments  of  a  forei;:jn 
eourt,  when  Aliasuerus  tlie  king  feasted  in  Shushan  the 
]»ahice,  "  where  were  white,  green,  and  blue  hangings, 
fastened  witli  cords  of  line  linen  and  purple  to  silver 
j'ings  and  pillars  of  marble :  the  beds  were  of  gold  and 
silver,  upon  a  pavement  of  red,  anr'  blue,  and  white,  and 
black  marble."  ^  Now,  thou<'h  ^Ir.  (Jhevne  tells  me  tliat 
modern  philology  has  decided  in  favour  of  the  translation 
"  cotton  "  instead  of  "  green,"  yet  when  we  examine  the 
peculiar  position  of  this  word  in  the  sentence,  and  then 
recollect  the  ancient  Persian  fondness  for  green,  with  the 
constant  appearance  of  that  hue  on  the  Babylonian  and 
Xinevite  enamelled  bricks,  I  can  scarcely  help  believing 
that  in  this  case  the  traditional  rendering  closely  represents 
the  truth.  ]\Ir.  Cheyne  liimself,  indeed,  inclines  to  think 
that  though  tiie  word  means  etymologically  "cotton,"  yet 
some  idea  of  colour  (he  suggests  "variegated")  is  mixed 
up  with  it  in  ])ractice.  Perhaps,  then,  we  may  have  here 
an  analogous  advance  to  that  of  the  Akhaians  from  red, 
purple,  and  yellow  decorations  to  the  artistic  employment 
of  blue.  In  any  case,  we  can  scarcely  doubt  that  the 
Jfebrews  after  the  Captivity  must  in  great  part  have 
adopted  tlie  {esthetic  standard  of  their  Semitic  and 
Aryan  conquerois. 

One  final  examjdc  of  Mr.  Gladstone's  method  must  be 
given  apropos  of  the  Hebrew  colour-sense.  Ezekiel  de- 
scribes in  glowing  latiguago  the  truly  oriental  vision  in 
w.hieh  his  i)oetic  eye  beheld  in  imagination  the  glories  of 
the  (lod  of  Israel.  "Above  the  firmament,"  says  the 
prophet,  "  was  the  likeness  of  a  throne,  as  the  appearance 
of  a  sapphire  stone:  and  upon  the  likeness  of  the  throne 
was  the  likeness  as  the  appearance  of  a  man  upon  it. 
And  I  saw  as  the  colour  of  amber,  as  the  appearance  of 
lire  round  about   within  it  .  .  .    and  it  had  brightness 


^  Esther  i.  7. 
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round  about.  As  the  iippuarance  of  the  bow  that  is  in  tlie 
cloud  in  the  day  of  rain,  so  was  tlie  appearance  of  the 
briglitness  round  about  it."  ^  Mr.  Gladstone  ([uotes  in  pnrt 
this  perfectly  pellucid  passage,  and  thus  connnenls  np(»n 
it :  "  Which  cannot  be  explained  but  by  supposing  that, 
for  the  eye  of  the  prophet,  red  was  the  fundamental,  anfl 
exclusively  prevailing,  colour  of  the  rainbow."  Any  un- 
prejudiced per.^on  would  have  imagined  that  the  words 
" could  not  be  explained  but  by  supposing"  the  prophet 
to  mean  exactly  what  he  says — that  a  halo  of  every  hue 
in  tlie  rainbow  surrounded  the  sapphire  throne,  where  the 
God  of  Israel  was  seated,  begirt  with  amber  llames,  looking 
dovn  upon  the  work  which  was  like  unto  the  colour  of  a 
beryl,  and  planting  His  foot  on  the  firmament,  whose 
appearance  was  of  terrible  crystal.  But  literal  interpreta- 
tion will  sometimes  lead  men  into  a  strange  confusion  of 
the  obvious. 

As  for  the  Vedas,  I  shall  not  attempt  to  deal  with  them. 
That  "  book  with  seven  seals,"  as  Professor  Max  Miiller 
calls  it,  can  be  easily  made  to  prove  that  black  is  white, 
or  vice,  versa :  and  therefore  to  juggle  with  its  colours  is 
a  mere  piece  of  simple  conjuring.  If  the  reader  believes 
that  the  case  for  Dr.  Magnus  has  broken  down  so  far,  he 
will  hardly  attach  much  importance  to  the  doubtful 
utterances  of  the  Sanskrit  Scriptures. 

And  now  that  our  review  is  completed,  it  may,  perhaps, 
appear  to  some  readers  that,  in  combating  this  "historical 
development "  theory,  I  have  been  really  doing  battle,  like 
Don  Quixote,  with  a  perfectly  harmless  foe.  Whereto  I 
would  respectfully  answer  that  I  seem  rather  to  be  per- 
forming the  less  romantic  part  of  Sancho  Panza.  Sundry 
learned  writers  having  discovered  an  imaginary  giant,  it 
becomes  my  humble  duty,  as  a  common-sense  critic,  to 
point  out  that  the  monstrous  being  is,  in  fact,  nothing 
more  nor  less  than  a  windmill.  Such  a  task  may  be  un- 
grateful and  inglorious  enough,  but  it  rei  9.ins  none  the 

'  Ezckiel  i.  26. 
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hiss  necessary  for  the  jueveiiLion  of  furlher  liiilliieinationn 
oil  tlie  same  subject  in  future.  "Wlieii  an  honest  and 
truthful  knight  sohininly  assures  us  that  he  lias  met  vvitli 
u  j^enuinc  {^'iant,  the  worhl  at  hii'_j(!  naturally  accepts  iiis 
statement  in  ^ood  faith,  and  },'(j(!s  on  helievin;,'  it  until 
some  lowly  s([uiie  comes  foiward  to  sift  the  evidence  uj)oii 
which  his  assertion  is  'oused. 

Finally,  I  hope  that  h(;siiles  tlu!  ncv^'ative  task  of  demo- 
lition, we  have  hceii  able,  in  the  course  of  our  argument, 
t(»  build  up  some  new  and  positive  constructive  work, 
which  will  throw  fresh  lij^ht  both  on  a'sthctic  development 
and  on  tlu;  growth  of  sjxscial  vocabularies.  This  must  be 
my  excuse  for  a  digression  wliich  might  at  iirst  sight  have 
appeared  to  be  leading  us  too  far  from  the  central  subject, 
on  whose  consideration  we  are  here  engaged. 


CHAPTER  XIV. 


SUMMARY   AND  KECAriTULATION. 

Now  that  we  have  completod  our  survey  of  the  Orij^in 
and  DevelopiiKiiit  of  the  Colour-Sense,  we  may  brielly 
sum  up,  in  a  (lo.Lfin!itic  fovn),  the  main  results  to  wiiich  we 
liave  been  led  in  the  course  of  our  investigation. 

Colour,  viewed  objectively,  consists  in  the  diflerenl 
rapidity  and  wave-length  of  various  setliercal  undulations. 
These  undulations,  taken  in  their  totality,  are  called 
light;  taken  in  their  several  component  parts,  they  are 
culled  colour. 

The  earliest  animal  eyes  are  cognisant  of  light  and  its 
negation  oidy.  Next,  probably,  came  the  discrimination 
of  form.  Last  of  all  was  developed  the  qualitative  per- 
ception of  colour. 

This  perception  was  apparently  first  aroused  in  the  case 
of  insects  by  the  hues  of  llowers.  The  flowers  were  them- 
selves developed  by  the  acti(jn  of  the  insect  eyes,  and 
they  reacted  simultaneously  upon  the  senses  of  the  insects 
to  whose  selection  they  were  due. 

In  simple  marine  animals,  the  perception  of  colour  was 
probably  first  aroused  by  the  animal  organisms  in  their 
environment.  From  them  it  was  handed  down  to  the 
lislies  and  reptiles,  and  more  remotely  to  the  birds  and 
nuimmals.  In  the  latter  case,  however,  the  sense  may 
have  been  quickened  and  kept  alive  by  its  exercise  upon 
coloured  fruits,  which  were  produced  by  the  selective 
action  of  these  great  classes  themselves. 

The  general  existence  of  a  colour-sense  in  insects  and 
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vertebrates  is  si i own,  in  some  cases,  by  direct  experi- 
ment, in  otlier  cases  by  a  large  number  of  inferen- 
tial proofs.  It  is  a  hypothesis  which  explains  all  the 
facts  ill  the  colouration  of  organic  bodies,  and  without 
wliich  the  facts  become  a  mere  chaos  of  inexplicable 
caprices. 

Tiie  constant  employment  of  tlie  colour-percipient  struc- 
tures in  the  search  for  food,  amongst  the  flower-haunting 
and  fruit-eating  animals,  would  ultimately  lead  to  the 
strengthening  of  those  structures,  and,  consequently,  to  the 
development  of  a  concomitant  pleasure.  This  pleasure 
shows  itself  in  the  form  of  a  taste  for  colour.  Such  a 
taste  is  found  in  a  large  majority  of  the  species  so  circum- 
stanced. It  becomes  manifest  partly  in  the  selection  of 
bright  foods,  partly  in  a  general  love  for  brilliant  objects, 
but  most  of  all  in  the  choice  of  gaily-coloured  partners. 
To  this  cause  we  owe  the  beauty  of  butterflies,  birds,  and 
many  other  animals. 

Des.des  this  direct  reaction  of  the  colour-sense  upon 
the  external  appearance  of  ^l/^  creatures  which  possess  it, 
an  indirect  reaction  is  exerted  by  tlie  constant  killing  off 
of  those  individuals  whose  colouration  specially  exposes 
them  to  attack,  and  the  survival  of  those  individuals 
wliose  colouration  affords  them  any  means  of  protection, 
either  through  inconspicuousness,  mimicry,  or  any  other 
mode.  In  this  manner  a  large  number  of  animals  have 
acquired  the  hues  which  they  now  display. 

The  quadrumana,  being  frugivorous  animals,  possess 
tlie  colour-sense  in  a  high  degree.  They  show  a  consider- 
able taste  for  bright  colours,  and  their  own  appearance 
often  betrays  the  action  of  sexual  selection. 

Man,  the  descendant  of  the  frugivorous  quadrumana, 
also  possesses  a  very  perfect  colour-sonse,  wliich  is  equally 
evolved  in  all  varieties  of  the  specios,  from  the  highest  to 
tlie  lowest.  A  supposed  linguistic  proof  to  the  contrary 
is  not  countenanced  by  the  other  facts  of  tlie  case.  Direct 
sliow   that    all    existing  men   have    like 
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colour-perceptions;  and  historical  inquiry  shows  that  the 
same  is  true  of  all  earlier  7n?es. 

Man  derives  from  his  trut;ivorous  ancestors,  not  only 
.the  perception,  but  also  tlie  love  of  colour.  This  love  is 
shown  first  iti  personal  decoration,  and  is  afterwards 
extended  to  the  arts  in  general.  The  taste  for  colour  ai 
length  aflects  almost  every  object  of  human  industry  ;  but 
it  must  all  he  originally  referred  to  the  habits  of  our  fru- 
givorous  ancestors. 

The  vocabulary  of  colour,  like  all  other  vocabularies, 
springs  up  in  proportion  to  the  needs  of  the  various 
langu!,ges. 

The  arts  employ  chiefly  the  colours  which  are  least 
common  in  external  nature,  and  which  are  also  those; 
employed  by  fruits  and  flowers  for  the  attraction  of 
animals  generally.  Poetry  likewise  uses  them  in  the  saiiK! 
proportions,  but  in  an  ideal  form.  The  most  advanced 
arts,  however,  use  colour  in  more  bala;.ced  quantities. 
But  all  art,  decorative  or  imitative,  retains  to  the  last 
somewhat  of  its  original  character,  as  a  direct  stimulant  of 
simple  chromatic  pleasure. 

Thus  the  colour-sense,  in  its  origin  and  its  results,  is 
seen  to  be  one  and  continuous  throughout.  The  highest 
{esthetic  products  of  humanity  form  only  the  la.  t  link- 
in  a  chain  whose  flrst  link  beu:an  with  the  insect's  selec- 
tion  of  bright-hued  blossoms.  'The  whole  long  series 
may  bo  briefly  summed  up  in  some  such  formula  as  the 
following : — 

Insects  produce  flowers.  Flowers  produce  the  colour- 
sense  in  insects.  The  colour-sense  produces  a  taste  for 
colour.  The  taste  for  colour  produces  butterflies  and 
brilliant  beetles.  Birds  and  mammals  produce  fruits. 
Fruits  produce  a  taste  for  colour  in  birds  and  mammals. 
The  taste  for  colour  produces  the  external  hues  of  hum- 
ming-birds, parrots,  and  monkeys.  Man's  frugivorous 
ancestry  produces  in  him  a  similar  taste ;  and  that  tasto 
produces  the  various  final  results  of  human  chromatic  arts. 
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Wliat  a  splendid  and  a  noble  prospect  for  humanity  in 
its  future  evolutions  may  wo  not  find  in  this  thought,  that 
from  the  coarse  animal  pleasure  of  beholding  food  man- 
kind has  already  developed,  through  delicate  gradations, 
our  modern  disinterested  love  for  the  glories  of  sun- 
set and  the  melting  shades  of  ocean,  for  the  gorgeous 
pageantry  of  summer  flowers,  and  the  dying  beaut}'  of 
autumn  leaves,  for  the  cx.'|uisite  harmony  which  reposes 
on  the  canvas  of  Titian,  and  the  golden  haze  which  glim- 
mers over  the  dreamy  visions  of  Turner!  If  man,  base 
as  he  yet  is,  can  nevertheless  rise  to-day  in  his  highest 
moments  so  far  above  his  sensuous  self,  what  may  he  not 
hope  to  achieve  hereafter,  under  the  hallowing  influence 
of  those  chaster  and  purer  aspirations  which  are  welling 
up  within  him  even  now  toward  the  perfect  day  ! 
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PHYSIOLOGICAL  JESTHETICS 


A  SCIENTIFIC  THEORY  OF  BEAUTY. 


"Afresh  and  vigorous  effort  in  un  almost  untried  field." — Saturday  Rt' 


view. 


"Suggests  several  very  interesting  explanations  of  mental  conditions  that 
have  hitherto  been  involved  in  hopeless  obscurity." — The  Lancet. 

"Sans  pretendre  que  I'auteur  n'ait  rien  laisse  a  faire  d,  ceux  qui  le  sui- 
vront  dans  cette  voie  nouvelle,  nous  devons  reconnaitre  qu'il  a  tenu  ses 
engagements  et  rcnipli  sou  programme.  Get  clement  sensible  de  la  beaute 
dans  la  nature  et  dans  I'art,  qui  semblait  jusqu'ici  absolument  irreductible, 
I'ouvrage  que  nous  examinons  I'analyse  et  le  decompose  en  des  elements  plus 
simples.  Si  le  probleme  n'est  pas  resolu  dans  tous  ses  details,  du  moius  un 
principe  est  trouve  qui  pent  servir,  dans  uu  temps  plus  ou  moins  eloigne,  a 
les  expliquer  tous.  ...  II  est  la  premiere  tentative  systcniatique  pour 
donmr  acces  a  la  science  sur  un  terrain  qui  lui  etait  ferme  jusqu'a  ce  jour." 
— Rcvae  Pkilosophiquc. 

"  An  extremely  ingenious  and  thoughtful  exposition."— Z»ai7^  News. 

"  His  book  abounus  in  illustrations  drawn  from  every  field  of  life  and 
nature.  The  poet's  metres  and  the  picture  gallery,  the  Scottish  loch  and 
Alpine  pass,  the  colours  of  plants  and  the  nests  of  birds,  are  brought  in  no 
less  than  the  ball-room  and  the  dinner-table  to  illustrate  the  nature  of 
a.athetic  pleasure.  Mr.  Allen  rightly  holds  that  in  sesthetics  the  lower 
forms  of  the  sentiment  must  be  studied,  no  less  than  the  higher  ;  and  the 
physiology  of  the  senses  with  relation  to  {esthetic  pleasure  forms  a  con- 
siderable portion  of  his  book.  The  discoveries  of  Helmholtz  are  applied 
with  skilful  hand  to  state  the  conditions  of  the  pleasure  we  experience  in 
music.  ...  It  will  be  obvious  that  Air.  Allen's  book  is  one  of  great  in- 
terest. "  —  Westminster  Itevicw. 

"His  volume  is  a  valuable  attempt  to  add  to  the  physiological  foundations 
of  art." — Examiner. 

"  A  remarkable  book,  which,  if  it  does  not  reduce  aesthetic  criticism  to  an 
exact  science,  at  least  points  to  such  an  achievement  as  among  the  possibilities 
of  the  future." — New  York  Sun. 

"The  arrangement  is  good,  the  style  admirably  lucid,  and  the  spirit 
through  out  scienti  fie. "— Na  t  ure. 

"Full  of  culture  and  fine  criticism."— Contemporary  Review. 
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